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@ Recording and reproducing optical disk device. 

@ Magneto-optical disk recording and reproducing devices 
and actuators and distance detectors for use therewith are 
disclosed. The magneto-opticai disk device comprises. In 
addition to the usual elements, a bimorph type actuator 9. 71 or 
an electromagnetic actuator 108-115 for driving the magnetic 
head 8 of the magneto-optical disk devtee. The bimorph 
actuator may have a metallic shim 74 whose width varies with 
respect to the longitudinal distance Inversely proportional to the 
normal function of the first or the second free natural vibration 
mode. Alternatively, the bimorph type actuator may have a 
recess 9d formed on a bimorph element 9a to expose a 
piezoelectiic ceramics which outputs a voltage corresponding 
to the acceleration of the vibration of the actuator; the driver 
circuit 96 of the actuator reduces the driving voltage when the 
frequency of the voltage generated at the recess comes into the 
neighborhood of a higher resonance frequency of the actuator. 
The optical distance detector comprises a light-emitting diode 
14, 16. 31 and a pair of photodiodes 15. 17, 30 which detect the 
amount of light incident thereon after being reflected at a 
surface of an object the distance to which is measured. The 
geometric parameters of the photodiodes ere selected in such 
a manner that the output of a first photodlode decreases as the 
measured distance increases while the output of a second 
photodlode increases as the measured distance Increases. 



Thus, the normalized differential output of the two photodiodes. 
from which the measured distance is determined, varies 
substantially linearly with respect to the measured distance. In 
preferred fdnms. the photodetectors have stepped concentric 
configurations so that small distances can be measured 
accurately and efRcIently. 
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Description 



RECORDINQ AND REPRODUCING OPTICAL DISK DEVICE 



BACKGROUND OF THE INVENTION 5 

This invention relates to recording and reproduc- 
ing optical disk devices, and more particularly to 
magneto-optical disk devices which utilize a mag- 
netic material as the recording medium. 10 

The recording and reproducing optical disk de* 
vices of the above type effects recording on the disk 
as follows: the recording spot on the disk is heated 
by means of a light (laser) beam to raise the 
temperature thereat; In addition, a varying exterior 15 
magnetic field, namely the biasing magnetic field, Is 
generated by a magnetic head to reverse the 
direction of the magnetization of the magnetic 
material on the disk. On the other hand, during the 
reproducing operation, a light beam of less energy is 20 
Irradiated on the recording surface to read out the 
above direction of the magnetlzlon on the disk by 
means of a magneto-optical effect, such as the 
magnetic Ken effect or Faraday effect. This type of 
optical disk device is finding increasing applications 25 
as exterior memory devices of computers, audio 
disks, etc. 

Fig. 1 shows an example of the recording and 
reproducing optical disk device of the above type. A 
disk 1 is rotated by a disk driver motor 2. The light 30 
beam 4 emitted from the optical head 3 fornis a 
converged light spot 5 on the surface of the disk 4; 
the diameter of the light spot 5 Is generally from 
about 1.0 to 1.5 micrometers. The optteal head 3 
comprises following elements: a light source for 35 
emitting the light beam; optical elements for con- 
ducting to the surface of the disk 1 the light beam 
emitted from the light source; optical elements for 
conducting the light reflected from the disk surface; 
a photosensor element (a light-sensitive detector) 40 
for converting the reflected light Into an electrical 
signal upon receiving the reflected light via the 
above optical elements for conducting the reflected 
light; and optical sensors for detecting the focusing 
and tracking errors of the light spot 5 on the 45 
recording surface of the disk 1 . The objective lens of 
the optical head 3 which forms the light spot 5 on the 
disk 1 1s driven in the focusing direction perpendicu- 
lar to the recording surface of the disk 1 and In the 
direction perpendicular to the track on the recording 50 
surface, such that the focusing and the tracking 
errors are reduced. The optical head 3 Is supported 
on the base 6, which is supported on the frame of 
the device via the bearings 7a and 7b to be driven In 
the radial direction A. Further, on the base 6 is 55 
disposed a magnetic head 8 for generating an 
exterior magnetic field from the side opposite to the 
side at which the optical head 3 Is situated. The 
recording on the disk 1 1s effected by modulating this 
exterior magnetic field generated by the magnetic 60 
head 8. 

As shown in detail in Fig. 2 (a) through (c), the 
distance (designated by Hi, through Hs. respec- 



tively) between the recording surface of the disk 1 
and the magnetic head 8 varies as the disk 1 rotates. 
The strength of the magnetic field generated by the 
magnetic head 8 is generally from about 100 to 500 
Oe at the recording surface; as illustrated In Fig. 3, 
the magnetic field strength B at the recording 
surface of the disk 1 (plotted along the ordinate) 
decreases as the distance H between the surface of 
the disk 1 and the magnetic head 8 (plotted along 
the abscissa) Increases. The distance H between the 
recording surface of the disk 1 and the magnetic 
head 9 varies as the disk 1 rotates, due. for example, 
to an undulating motion of the recording surface of 
the disk 1. 

The above conventional recording and reproduc- 
ing optical disk device therefore has the following 
problems. First the distance H between the mag- 
netic head 8 and the recording surface of the disk 1 
cannot be set as small as is desired, if the contact of 
the head 8 with the disk 1 is to be avoided; thus, the 
efficiency of the magnetic head 8 In producing a 
magnetic field at the recording surface of the disk 1 
is reduced. Second, the variation of the distance H 
between the head 8 and the recording sruface of the 
disk 1 results In a variation in the recording 
characteristics. Thurd. if the above problems are to 
be avoided, an extremely high mechanical precision 
is required of the device. 



SUMIVIARY OF THE INVENTION 

It is a primary object of this invention therefore to 
provide an optical disk recording and reproducing 
device in which the distance between the magnetic 
head and the disk is maintained at a constant target 
value thereof. 

In order to maintain the distance between the disk 
and a recording and reproducing head of the optica) 
disk device, it Is necessary to use an actuator. Thus. 
It is an additional object of this invention to pro\^de a 
blmorph type actuator which Is suited to be used for 
controlling the distance between the head and the 
disk of an optical disk recording and reproducing 
device. 

Further, It is essential to detect the distance 
between the head and the disk for the proper control 
thereof. Thus. It is still another object of this 
invention to provide an opttoal distance detector 
whteh Is suited to measure the distance between the 
head and the disk with accuracy. 

The optical disk recording and reproducing device 
according to this Invention comprises a magnetic 
head and an optical head, in the recording, the 
magnetic head generates a biasing magnetic field at 
a recording spot on a magneto-optical disk which is 
heated by a light beam of the optical disk; the 
reproduction of recorded Information is effected by 
radiating a light beam from the optical head and 
receiving the light reflected by the recording surface 
of the magneto-optical disk to read the recorded 
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information therefrom. The magnetic head is 
mounted to a bimorph type actuator so that the 
distance between the head and the disk Is adjusted; 
alternatively, it may be mounted to an electromag- 
netic actuator. A distance detector detects the 
distance between the magnetic head and the disk; 
and a driver circuit outputs to the actuator a voltage 
or current corresponding to the detected distance, 
so that the enror of the distance between the 
magnetic head and the disk Is reduced. 

The bimorph type actuator according to this 
Invention comprises a bimorph element that in- 
cludes a plate-shaped piezoelectric ceramics and a 
plate-shaped metallic support member. The support 
member (or shim) has a width which varies with 
respect to the longitudinal length in such a manner 
that vibrations of the actuator at undesirable reson- 
ance frequencies are suppressed. As a result, the 
gain or the amount of deflection with respect to the 
driving voltage is leveled at such resonance frequen- 
cies. 

Alternatively, the bimorph type actuator according 
to this Invention may comprise a bimorph element on 
the surface of which a recess is fonned to expose a 
piezoelectric ceramics thereof. The exposed surface 
of the piezoelectric ceramics of the vibrating 
bimorph element generates a voltage corresponding 
to the acceleration of the vibration. Thus, the driver 
circuit of the actuator, which outputs an actuator 
driving voltage corresponding to the distance bet- 
ween the magneto-optical disk and a recording or 
reproducing head, determines the frequency of the 
voltage generated at the recess of the bimorph 
element and. when the frequency comes into the 
neighborhood of higher resonance frequencies of 
the actuator reduces the level of the actuator driving 
voltage. 

The optical distance detector according to this 
invention comprises a light source, such as a 
light-emitting diode, and a first and second optical 
detectors, such as photodiodes. The light emitted 
from the light source is reflected by a surface of an 
object to be received by the two optical detectors, 
which outputs signals corresponding to the amount 
of light incident thereon. The light-receiving surfaces 
of the two optical detectors are coplanar and 
substantially perpendicular to the optical axis of the 
light source; and the light-receiving surface of the 
second optical detector is situated farther away from 
the optical axis of the light source than the 
light-receiving surface of the first optical detector. 
The geometric parameters of the light-receiving 
surfaces of the two optical detectors are selected in 
such a manner that in the measurement range of the 
distance, the output of the first decreases as the 
measured distance Increases while that of the 
second increases as the measured distance In- 
creases. Thus, the normalized drfferential output of 
the two optical detectors, i.e., the ratio of the 
difference between the outputs of the first and 
seocnd optical detectors to the sum thereof, is 
substantially in linear relationship with the measured 
distance. 

In a preferred form, the light-receiving surface of 
the two optical detectors are disposed concentri- 



cally around the optical axis of the light source. It is 
also preferred that the light-receiving surfaces of the 
two optical detectors are stepped fonvards from the 
light-emitting surface of the light source in the 

5 direction of the optical axis of the light source 
toward the reflective surface of the object, so that 
separation between the light-emitting surface of the 
light source and the light-receiving surface of the 
first optical detector in the direction perpendicular to 

10 the optical axis of the light source may be made as 
small as Is desired. 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 

The novel features which are believed to be 
characteristic of our invention is set forth with 
particularly in the appended claims. Our invention 
itself, however, both as to its organization and 
20 method of operation, together with further objects 
and advantages thereof, may best be understood 
from the detailed description of the preferred 
embodiments, taken In conjunction with the accom- 
panying drawings, in which: 
25 Fig. 1 is a schematic side elevational view of a 

conventional optical disk recording and repro- 
ducing device; 

Fig. 2 shows enlarged views of a recording 
portion of the device of Fig. 1 in operation, in 
30 three states in which the distance between the 

magnetic head is small (Fig. 2 (a)), intermediate 
(Fig. Kb)), and great (Fig. 2(c)); 

Fig. 3 shows a relation between the distance 
between the magnetic head and the disk and 
35 the magnetic field strength generated by the 

magnetic head at the recording spot of the disk; 

Fig. 4 Is a view similar to that of Fig. 1, but 
showing an optical disk device according to this 
Invention having a bimorph type actuator for the 
40 magnetic head thereof; 

Fig. 5 Is a prespective view of the bimorph 
type actuator of the optical disk device of Fig. 4; 

Fig. 6 is an enlarged schematic sectional view 
of a recording portion of the optical disk 
45 recording and reproducing device of Fig. 4 In 

operation; 

Fig. 7 Is a prespective view of an optical 
distance detector assembly of an optical disk 
device according to this invention; 
SO Figs. 8 and 9 are side elevational views of an 

optical distance detector of Fig. 7 in operation; 

Fig. 10 shows a relation between the variation 
of the magnetic head distance and the variation 
In the magnetic field strength generated at the 
55 recording spot; 

Fig. 11 is a view similar to that of Fig. 9, but 
showing another embodiment of an optical 
distance detector of an optical disk recording 
and reproducing device according to this 
eo invention; 

Fig. 12 Is a side elevational view of an optical 
distance detector of Fig. 1 1 in operation; 

Fig. 13 shows the relations between the 
location of the two parts of the light-sensitive 
65 element of the optical distance detector of 
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Fig. 11 and the intensity of light incident thereof, 
in the two cases of great and smali measured 
distance; 

Fig. 14 shows the relation between the 
measured distance and the differential output of 5 
the two parts of the light-sensitive element of 
the optical distance detector of Fig. 1 1 ; 

Fig. 15 shows an axial section of a typical 
optical distance detector; 

Fig. 16 shows the relation between the w 
measured distance and the intensity of ilght 
incident on the photodetector of the optical 
distance detector of Rg. 15; 

Fig. 17 shows a basic geometry of light-emit- 
ting diode and the photodetectors of an optical IS 
distance detector accrodlng an embodiment of 
this invention; 

Fig. 18 shows the relations between the 
location of the photodetectors of fig. 17 and the 
Intensity of light incident thereof, In the two 20 
cases of great and small measured distance; 

Fig. 19 shows the relations of the measured 
distance and the intensity of light Incident on 
the first and the second photodetector of 
Fig. 17, respectively: 25 

Fig. 20 shows the relations of the measured 
distance and the outputs of the photodetectors 
of Fig. 17 in the measurement range thereof; 

Fig. 21 is a schematic circuit diagram for 
computing a normalized differenctiai output of 30 
the two photodetectors of the optical distance 
detector of Rg. 17 according to this Invention; 

Fig. 22 shows the relation between the 
measured distance and the normalized differen- 
tial output computed by the circuit of Fig. 21 ; 35 

Figs. 23 and 24 are plan views of the 
concentric anrangements of photodetectors of 
an optical distance detector according to this 
Invention; 

Rg. 25 shows a stepped configuration of the 40 
photodetectors of an optical distance detector 
according to this Invention, wherein Fig. 25 (a) 
shows a side elevatlonal view thereof and 
Fig. 25 (b) shows a plan view thereof; 

Fig. 26 is a plan view of the substrate of the 45 
optical distance detector of Fig. 25; 

Fig. 27 is a side elevatlonal view of tho 
detector of Fig. 26 in operation ; 

Rg. 28 shows a portion of an optica! disk 
device in which an optical distance detector 50 
similar to that of Fig. 26 is installed, wherein 
Fig. 28 (a) Is a plan view thereof while Fig. 28 (b) 
is a side elevatlonal sectional view thereof; 

Rg. 29 shows a stepped concentric configu' 
ration of the photodetectors of an optical 55 
distance detector according to this invention, 
wherein Rg. 29 (a) is a plan view thereof while 
Rg. 29 (b) is a side etevational sectional view 
thereof; 

Rg. 30 shows the top and bottom views of 6t7 
the spacer of the distance detector of Rg. 29; 

Fig. 31 shows the bottom view of the spacer 
of Rg. 30 on which the light-emitting diode Is 
mounted; 

Figs. 32 and 33 show the optical distance €5 



detector of Fig. 29 in operation, in the two cases 
of great and small measured distance, respec- 
tively (Figs. 32 (a) and 33 (a)), together with the 
intensity of light incident thereon (Figs. 32 (b) 
and 33(b)); 

Fig. 34 shows a stepped configuration of the 
photodetectors of an optical distance detector 
according to this invention similar to that shown 
in Rg. 30, wherein Fig. 34 (a) Is a plan view 
thereof while Fig. 34 (b) is a side elevatlonal 
sectional view thereof; 

Rg. 35 (a) and (b) show an end view and a 
plan view of a spacer member of the optical 
distance detector of Rg. 34, respectively; 

Rg. 36 Is a plan view of the substrate of the 
optical distance detector of Fig. 34; 

Rg. 37 Is a side elevatlonal sectional view of 
another stepped concentric configuration of 
the photodetectors of an optical distance 
detector according to this invention; 

Rg. 38 Is an exploded perspective view of the 
configuration of the photodetectors of Fig. 37; 

Fig. 39 is a circuit diagram showing the circuit 
for driving the llght-emitting diode and the 
photodetectors of the optical distance detector 
ofFlg.37; 

Fig. 40 Is a perspective view of a typical 
bimorph type actuator for driving the optical 
head of an optical disk recording and reporduc- 
ing device; 

Fig. 41 is a side view of a piezoelectric 
bimorph element of the actuator of Fig. 40 in 
operation; 

Fig. .42 is a graph showing the frequency 
characteristics of the gain of the actuator of 
Fig. 40; 

Fig. 43 is a perspective view of a typical 
bimorph type actuator for driving the magnetic 
head of an optical disk recording and reproduc- 
ing device, showing together therewith a driver 
circuit thereof; 

Fig. 44 Is a graph showing the frequency 
characteristics of the gain of the actuator of 
Rg.43; 

Fig. 45 Is a perspective view of a bimorph 
type actuator according to this Invention for 
driving the optical head of an optical disk 
recording and reproducing device, which actua- 
tor having a shim of special geometry effective 
for suppressing vibrations modes at higher 
resonance frequencies; 

Rg. 46 Is a plan view of the actuator of Rg. 45; 

Fig. 47 Is a side view of the actuator of Fig. 45 
in operation; 

Fig. 48 is a graph showing the frequency 
characteristics of the gain of the actuator of 
Rg.46; 

Rg. 49 Is a plan view of another bimorph type 
actuator according to this invention for driving 
the optical head of an optical disk device, which 
actuator having a shim of special geometry 
effective for suppressing vibrations modes at 
resonance frequencies other than the second 
resonane frequency; 

Rg. 50 is a graph showing the frequency 
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characteristics of the gain of the actuator of 
Fig. 49; 

Fig. 51 Is a perspective view of another 
bimorph type actuator according to this inven- 
tion, having a shim of spectal geometry similar 
to that of the shim of the actuator of Fig. 45; 

Fig. 52 is a perspective view of still another 
bimorph type actuator according to this Inven- 
tion for driving a magnetic head chip of a 
magnetic tape recording and reproducing de- 
vice, which actuator having a shim of special 
geometry similar to that of the shim of the 
actuator of Fig. 45; 

Fig. 63 is a perspective view of a further 
bimorph type actuator according to this inven- 
tion for driving the magnetic head of an optical 
disic recording and reproducing device, which 
actuator having a shim of special geometry 
similar to that of the shim of the actuator of 
Fig. 45; 

Fig. 54 is a perspective view similar to that of 
Fig. 43, but showning an actuator according to 
this invention wherein the bimorph element has 
a recess for outputting an acceleration signal of 
the vibration of the actuator; 

Fig. 55 is a block diagram of the driver circuit 
of the actuator of fig. 54; 

Fig. 56 is a graph showing the frequency 
characteristics of the gain of the actuator of 
Fig. 54; 

Fig. 57 is a perspective view of another 
bimorph type actuator having a recess on one 
of the parallel plate-shaped bimorph elements 
according to this Invention, which recess is 
similar to that of the actuator of Fig. 54; 

Fig. 58 is an axial sectional view of an 
electromagnetic actuator for driving the mag- 
netic head of an optical disk recording and 
reproducing device according to this invention; 

Fig. 59 is an exploded perspective view of the 
actuator of Fig. 58. showing the parts of the 
actuator upside down with respect to the 
attitudes thereof shown in Fig. 58; 

Fig. 60 is a view similar to that of Fig. 58. but 
showing another embodiment of an electro- 
magnetic actuator according to this invention; 
and 

Fig. 61 is a view similar to that of Fig 58, but 
showing stiii another embodiment of an electro- 
magnetic actuator according to this invention. 
In the drawings, like reference numerals, except 
where stated otherwise, represent like or corre- 
sponding parts or portions. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following, optical disk devices and portions 
thereof characteristic of this invention are described 
under respective headings. 

Optical Disk Device with a Bimorph Type Actuator 

Referring now to Figs. 4 through 6 of the 
drawings, a first embodiment of a recording and 



reproducing optical (more precisely magneto-opti- 
cal) disk device according to this invention is 
described. This embodiment of optical disk device is 
characterized by a bimorph type actuator that 

5 controils the distance between the magnetic head 
and the disk. Under this heading, only the overall 
structure of the device Is described. 

As shown in Fig. 4, this optical disk device is 
similar to that described above in reference to Fig. 1 , 

10 except for the following defference: the device 
comprises a bimorph type actuator 9 mounted at 
one end thereof to a supporting base 6, and the 
magnetic head 8 is mounted to the lower surface of 
the free end portion of a bimorph type actuator 9, as 

IS shown in detail in Fig. 5. The actuator 9 consists of a 
pair of piezoelectric plate-shaped elements 9a and 
9b which are coupled together via an electrically 
conductive plate such that a voltage applied there- 
across causes one to expand and the other to 

20 contract; thus, the actuator 9 is bent and deflected 
in the direction B perpendicular to the recording 
surface 1a of the disk 1 in proportion to the voltage 
applied thereto. Further details of the structures of 
bimorph type actuators which are characteristic of 

25 this invention are described in detail under the 
heading "Bimorph Type Actuators" below. 

The objective lens 3a in the optical head 3 is driven 
in the focusing direction C by means of a lens 
actuator 3b, as shown explicitly In Fig. 6. As well 

30 known in the art, the actuator 3b is driven in 
response to an output signal of an optical distance 
detector (described below) so that the distance J 
between the lens 3a and the recording surface la on 
the disk 1 is maintained constant at a predetermined 

35 magnitude. The same voltage applied to the actua- 
tor 3 is applied to the bimorph type actuator 9 to 
move the free end thereof In direction B. so that the 
distance H between the magnetic head 8 and the 
recording surface la of the disk 1 is maintained 

40 constant at a predetemnined magnitude. 

By the way, as is well known In the art, optical 
disk 1 comprises a layer of magnetic material lb on 
which the recording of infonmatin is effected, and a 
substrate 1a transparent to the light (laser) beam on 

45 which the layer of magnetic material lb is deposited 
by a method such as the vacuum deposition or 
sputtering. 

Optical Distance Detectors 

50 Under this heading, a few embodiments of optical 
distance detectors for use with magneto-optical disk 
recording and reproducing de>dce are described. 
Further embodiments of optical distance detectors 
which are suited to be used with the magneto-opti- 

55 cal disk recording and reproducing devices are 
described below under the next heading under 
which detailed explanation of the princple of their 
operation is given. 
Rrst. refening to Figs. 7 through 9 of the 

60 drawings, an embodiment of the optical distance 
detector of an optical disk recording and reproduc- 
ing device according to this invention is described. 
As shown In Fig. 7, a plate-shaped support member 
13 of a L-shaped cross section is mounted at one 

65 end thereof to the top surface of the supporting 
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base 6 of the optical disk device. Near the free end of 
the support member 13 are mounted a pair of optical 
distance detectors: a first detector consists of a 
light-emitting element (i.e. light emitting diode) 14 
and a partitioned light- sensitive element 15 consist- 
ing of a pair of light-sensitive detectors (I.e. 
photodetectors such as photodiodes) 15a and 15b; 
a second detector consists of a light emitting-ele- 
ment 16 and a partitioned light sensitive element 17 
consisting of a pair of light-sensitive detectors 17a 
and 17b. The width of the support member 13 Is 
substantially greater than that of the plate-shaped 
actuator 9 situated thereunder; the first detector 
consisting of elements 14 and 15 Is situated above 
the surface of the disk 1, while the second detector 
consisting of elements 16 and 17 is situated above 
the actuator a Hence, as shown in Fig. 9. the light 
emitted from element 14 of the first detector is 
reflected on the surface of the disk 1 and received by 
the element 15; the first detector thus detects the 
distance between it and the surface of the disk 1 . On 
the other hand, the light emitted from element 16 of 
the second detector Is reflected on the upper 
surface of the actuator 9 and received by the 
element 17; the second detector thus detects the 
distance between it and the upper surface of the 
actuator 9. The photosensitve elements 15 and 17 
consists of two photodetectors. as shown in Figs. 8 
and 9; the details of the operation of the above first 
and second optical distance detectors will become 
clear from the descriptions below under this and the 
next heading. The distance H between the magnetic 
head 8 and the surface of the disk 1 can be easily 
calculated from the distances determined by the 
above first and second distance detectors. 

As shown in Fig. 10. the variation AH In the 
distance H between the magnetic head 8 and the 
disk 1 result in a variation AB in the magnetic field 
strength at the recording surface of the disk 1. 
However, if the actuator 9 is driven in direction B In 
response to the distance H determined by the 
distance detector of Figs. 7 through 9, the variation 
AH in the distance, and hence the variation in the 
recording characteristics, can be effectively re- 
duced. 

Refening now to Figs. 11 through 14 of the 
drawings, another optical distance detector of an 
optical disk recording and reproducing device and 
the principle of operation thereof are described. 

As shown in Fig. 12. the disk 1 of the recording 
and reproducing device according to this embodi- 
ment is situated above the bimorph type actuator 9 
carrying the magnetic head 8 thereon, optical head 
(not shown) being situated above the disk 1. The 
optical distance comprises a light-emitting element 
18 and a partitioned light-sensitive element 19 
consisting of a pair of light-sensitive detectors 19a 
and 19b, which are disposed on the upper surface of 
the plate-shaped actuator 9 beside the magnetic 
head 8, as best shown in Fig. 1 1 . As a result, the light 
emitted from the element 18 is reflected by the lower 
surface of the disk 1 and received by the element 19, 
as shown in Fig. 12. The actuator 9 is applied with a 
voltage corresponding to the output of the distance 
detector, to be bent In the direction B perpendicular 



to the recording surface of the disk 1, so that the 
distance between the disk 1 and the magnetic 
head 8 Is maintained constant. 
Next, refening to Figs. 13 and 14. let us describe 

5 the principle of operation of the optical distance 
detector comprising the light-emitting element 18 
and the partitioned light-sensitive element 19. Flg.13 
(a) and (b) show the relationship between the 
distance D along the line E-E In Fig. 11 (along which 

10 the section shown in Fig 1 2 Is taken) from the center 
of the element 18, and the Intensity of the reflected 
light incident on a point on line E-E at a distance D 
from the center of the element 18. Fig. 13(c) shows 
the distance D in alignment with the distance D taken 

IS along the abscissas of Fig. 13 (a) and (b). Fig. 13 (a) 
shows the relation in a case where the distance F 
between the lower surface of the disk 1 and the 
upper surfaces of the elements 18 and 19 Is relatively 
great. In case, the Intensity of reflected light Incident 

20 on a point on line E-E at distance D from the center 
of the element 18 decreases slowly as the distance D 
increases; thus, the difference In the amounts of 
light incident on the detectors 19a and 19b, 
respectively. Is small. On the other hand, when the 

25 disk 1 becomes near the surfaces of the elements 18 
and 19, the Intensity of reflected light incident on line 
E-E becomes mari<edly peaked at the center of the 
element 18 and decreases rapidly with the Increase 
In the distance D, as shown in Fig. 13 (b); thus, in 

30 such case, the difference between the amounts of 
tight Incident on the cells 19a and 19b, respectively, 
becomes greater. 

The distance F between the disk and the surfaces 
of the elements 18 and 19 can be determined from 

^ the magnitude of the difference between the output 
levels of the light-sensitive detectors 19a and 19b. 
Fig, 14 shows the relation between the distance F 
(plotted along the abscissa) and the differentia! 
output of the partloned light-sensitive element 19. 

40 namely the difference in the output of the light-sensi- 
tive detectors 19a and 19b (plotted along the 
ordinate), wherein the target level of distance F Is 
marked by a dotted line. The distance F between the 
elements 18 and 19 of the distance detector and the 

45 disk 1 varies around the target distance thereof In a 
region in which the differential output decreases 
monotonously (l.e. substantially linearly) as the 
distance F Increases. Thus, in its variation region, 
the distance F coresponds to the differential output 

SO by a one-to-one relationship. As a result, the 
distance F. and hence the distance between the 
magnetic head 8 and the recording surface of the 
disk 1, are determined uniquely by the differential 
output of the element 19. 

55 

Further Embodiments of Optical Distance Detectors 
In the following, further embodiments of optical 
distance detectors according to this Invention are 
described. These optical distance detectors com- 

60 prise, as a light source, a light-emitting diode, and, 
as a light-sensitive element, a pair of photodetectors 
(photodiodes) which detects the amounts of light 
Incident thereon after being reflected by a specular 
surface of an object; they are all characterized in 

65 their utilization of the nonnalized differential output 
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(described under the sub-heating (b) below); most 
of them are characterized In their special geometry 
of the photodetectors. They are especially suited to 
be used as a distance detector in a magneto-optical 
disk recording and reproducing device, although 
they may be used for other purposes as well. Before 
embarking on the description thereof, however, the 
structure and the principle of operation of a typical 
optical distance detector are reviewed. 

(a) Typical Structure of Optical Distance Detecctor 

Fig. 15 shows the structure of a typical optical 
distance detector. The distance detector comprises 
the following elements: a light-emitting diode 21 
disposed on a base plate 2; a photodetector 
(photodlode) 23 disposed on the same base plate 
22; a converging lens 24 including two convex lens 
portions having distinct optical axes, which convex 
lens portions converging the emitted and the 
reflected light, respectively: and a window pane 25 
closing the open end of the housing 26 accomodat- 
ing the diode 21. the photodetector 23. and the 
converging lens 24. 

The operatton of the distance detector of Fig. 15 is 
as follows: the light emitted from the diode 21 is 
converged by the lens 24 and is radiated from the 
window pane 25 of the housing 26. to be reflected by 
a surface of the object 27. such as the recording 
surface of an optical disk, the distance from which to 
the distance detector is measured. (The optical axis 
of the light from the light-emitting diode 21 to the 
surface of the object 27 is shown by a dot and dash 
line 28). The light reflected at the surface of the 
object 27 enters into housing 26 via the window pane 
25 and is converged by the lens 24 to be received by 
the photodetector 23. (The optical axis of the light 
from the surface of the object 27 to the photodetec- 
tor 23 is shown by a dot and dash line 29.) 

The light-emitting diode 21 Is driven at a constant 
output level; hence, the amount of light emitted from 
the diode 21 is constant. Thus, the amount of light 
incident on the element 23 is determined by the 
distance between the object 27 and the distance 
detector, and the reflectance and the geometric 
form of the surface of the object 27. in the case 
where the reflectance and the geometric form of the 
object 27 do not vary, the amount of light incident on 
the photodetector 23 Is determined solely by the 
distance between the photodetector and the object 
27. Fig. 16 shows the relation between these two 
factors: the distance between the distance detector 
and the reflective surface of the object, and the 
intensity of light incident on the photodetector. As 
shown in the figure, the intensity of tight (plotted 
along the ordinate) is peaked at the distance of 
about 4.5 mm and falls off thereabove as the 
distance becomes greater. Thus, as long as the 
distance to be measured Is within a range in which 
the relation between the measured distance and the 
intensity of light incident on the photodetector Is 
linear (or more precisely monotonous), the output of 
the photodetector 23 (which is proportional to the 
Intencity of light incident thereon) corresponds to 
the measured distance by a one-to-one relationship. 
Thus, the distance to be measured can be deter- 



mined uniquely from the output level of the photode- 
tector 23. 

The typical optical distance detector as described 
above, however, has the following disadvantage. 

5 Namely, the output of the element 23 depends not 
only on the distance but also on the reflectance of 
the surface of the measured object 27. Thus, when 
the reflectance of the object 27 varies, the distance 
detector is incapable of detennining the distance. As 

10 a result the application of this optical distance 
detector Is limited to the case where the reflectan- 
ces of the measured objects do not vary from one 
object to another. The optical distance detectors 
having partitioned light-sensitive elements de- 

15 scribed above are Improved in this respect; how- 
ever, they still leave much to be desired. Hence, in 
the following further embodiments of the optical 
distance detector according to this invention, which 
alms at solving the above problem, are described. 

20 The optical distance detectors described in the 
following are also suited to detect extremely small 
distances and may be installed with advantage in an 
optical recording and reproducing disk device for 
determining the distance between the disk and the 

25 optical or magnetic head thereof. 

(b) Fundamental Structure and Organization 
Refen-ing now to Figs. 17 through 22 of the 

drawings, an embodiment of a distance detector Is 
30 decribed, which shows the fundamental structure 
and organizaion of the optical distance detectors 
according to the principle of this invention. The 
description of the fundamental structure and organ- 
ization under this sub-heading (b) applies to the 
35 embodiments described below under sub-headings 

(c) through (e), except where It is stated otherwise 
or it Is apprent from the description that the 
fundamental structure and organization do not apply 
to that particular embodiment. 

40 As shown In Rg 17. the optical distance detector 
comprises a light-emitting diode 31 consitltuting the 
light source, and first and second photodetectors 
(photodiodes) 30a and 30b. According to this 
embodiment, the light-emitting diode 31 Is disposed 

45 on the same plane on which the photodetectors 30a 
and 30b are disposed, which plane is referred to as 
the detector plane hereinafter. The second photode- 
tector 30b, which lies farther away from the 
light-emitting diode 31 than the first photodetector 

^ 30a. has a light-receiving area greater than that of 
the first photodetector 30a for a reason which will 
become clear below. 

The operation of the distance detector of Fig. 17 is 
as follows. The light-emitting diode 31 is energized at 

55 a constant output level. Thus, the rectangular upper 
surface of the diode 31, which forms substantially a 
completely diffusive light-emitting surface, emits 
light in all directions almost in equal intensity. Let us 
suppose that a specular reflective surface of an 

60 object, the distance between which and the detector 
plane Is to be measured, lies above and parallel to 
the detector plane. Then the light emitted from the 
diode 31 is reflected by the specular reflective 
surface of the object and received by the first and 

65 second photodetectors 30a and 30b. 
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Fig. 18 shows the relationship between the 
position on the line j-j In Fig. 17 and the Intensity of 
light incident thereon. Namely, along the abscissas 
of Fig. 18 (a) and (b) Is plotted the distance D from 
the center of the light-emitting surface of the diode 
31 along the line j-J In Fig. 17. which distance D is 
shown in alignment therewith at the bottom row (c) 
of the same figure; along the ordinates of Fig. 18 (a) 
and (b) is plotted the intensity of light which is 
incident on a point on the line J-j at distance D from 
the center of the diode 31. Fig. 18 (a) shows the 
relationship in a case where the distance F between 
the surface of the object and the detector plane Is 
relatively small. On the other hand, Rg. 18 (b) shows 
the relationship In a case where the distance F is 
relatively great. As shown in Fig. 18 (a), when the 
distance F is small, the intensity of Incident light has 
a marked peak at the center of the light-emitting 
diode 31 and falls off rapidly as the distance F 
increases. On the other hand, when the distance F is 
great, the peak of the Incident light at the center of 
the diode 31 becomes less marked, the distribution 
of the intensity of incident light spreading over the 
distance D with a slow decreasing rate. 

Fig. 18 shows only two representative cases (a) 
and (b). However, It wlil be apparent from the figure 
that as the distance F becomes smaller, the 
distribution of the Intensity of light becomes more 
and more concentrated at the center (l.e. the point 
where distance D is equal to zero) and the height of 
the peak becomes Increasingly higher 

Thus, if the Intensity of light incident on a fixed 
point at a constant distance D from the center of the 
diode 31 is observed. It will first Increaise and the 
decrease as the distance F increases. Namely, the 
relationship between the distance F and the intensity 
of light on a fixed point has the form similar to that 
shown in Rg. 17, In which the measured distance 
plotted along the abscissa corresponds to the 
distance F. The intensity of light Incident on a fixed 
point Increases as the distance F increases until it 
reaches a peak or maximum; thereafter It decreases 
as the dsitance F increases. The relation between 
the distance F and the Intensity of Incident light, 
however, is dfferent from one point to another. 
Namely, as the distance D becomes greater, the 
peak of the Intensity of light Is reached at an 
Increasingly larger value of the distance F and the 
height of the peak becomes lower. 

Fig. 19 shows the relation between the above 
distance F (plotted along the ordinate) and the 
Intensity of light (plotted along the ordinate) incident 
on the upper surface of the photodetectors 30a and 
30b, wherein the curves PD1 and PD2 show the 
intensities of light Incident on photodetectors 30a 
and 30b, respectively. Since the first photodetector 
30a Is situated nearer to the light source (i.e. the 
llght-emlttlng diode 31). the intensity of light Incident 
on It has a peak when the distance F Is relatively 
small, and falls off thereafter as the distance F 
increases, as shown by the curve PD1. The second 
photodetector 30b, on the other hand, Is situated 
farther away from the light source; thus, the Intensity 
of light Incident on it has a lower peak which Is 
reached when the distance F is relatively great, as 



shown by the curve PD2. The parameters of the 
distance detector of Rg. 17, such as the separations 
gi and ga between the diode 31 and the photodetec- 
tor 30a and between the photodetectors 30a and 

5 30b. respectively, or the widths wi and W2 of the 
photodetectors 30a and 30b. are selected in such a 
way that the variation range of the distance F to be 
measured by the distance detector lies between the 
peaks of the incident light Intencity curves PD1 and 

10 PD2, as shown by a double-headed an*ow in Fig. 19. 
Thus, within the measured distance range, the 
Intensity of light incident on the first detector 30a 
decreases as the distance F increases, while the 
intensity of light incident on the second detector 30b 

IS Increases as the distance F increases. It is a feature 
of this invention that the geometric parameters of 
the first and second photodetectors are selected In 
such a manner that the variation range of the 
measured distance F is contained in an Interval 

20 between the peaks of the intensity of light incident 
on the first and second photodetectors 30a and 30b. 

Fig. 20 shows the relationship between the above 
distance F and the output levels of the photodetec- 
- tors 30a and 30b within the variation range of the 

25 measured distance F. Since the light-receiving 
surface of the second photodetector 30b has an 
area greater than that of the first photodetector 30a 
to compensate for the decline of the intencity of 
Incident light, the level of the output PD2 of the 

SO second photodetector 30b is substantially the same 
as that of the output PD1 of the first photodetector 
The output PD1 of the first photodetector 30a nearer 
to the light source decreases substantially linearly 
(i.e. monotonously) in the variation range of the 

35 measured distance F. while the output PD2 of the 
second photodetector 30b farther away from the 
light source Increases substantially linearly in the 
variation range of the measured distance F. 
The distance F between the surface of the object 

40 and the detector plane is determined from the 
nomialized differential output of the first and second 
photodetectors 30a and 30b, as described in the 
following. Namely, by means of an electric circuit 
schematlcaly shown in Fig. 21, the difference x and 

45 the sum y of the outputs PD1 and PD2 of the first and 
second photodetectors 30a and 30b are computed: 
X = PD1 - PD2, 
y « PD1 4- PD2. 

Then, the differential output x of the two photodetec- 

50 tors 30a and 30b Is normalized by taking the ratio of 
It with regard to y: 
x/y « (PD1 . PD2) / (PD1 + PD2). 
As noted above, the output PD1 decreases monoto- 
nously as the distance F Increases In the variation 

55 range of the measured distance, while the output 
PD2 Increases monotonously as the distance F 
Increases in the same range. Thus, the value of the 
differential output x decreases substantially lineariy 
as the distance F increases. Further, this differential 

60 output X Is normalized with respect to the sum y of 
the two outputs PD1 and PD2 by taking the ratio x/y. 
Thanks to the nonnallzatlon with respect to the sum 
y of the two outputs PD1 and PD2, the level of this 
normalized differential output x/y of the two 

65 photodetectors 30a and 30b is not affected by the 
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variation in the reflectance of the specular surface of 
the object at which the light emitted from the diode 
31 Is reflected. Thus, the distance F can be 
determined by utilizing the relation between the 
distance F and the normalized differential output that 
is shown in Fig. 22. 

The normalized differential output x/y becomes 
equal to zero, i.e. has a zero crossing point N as 
shown in Fig. 22. when the outputs PD1 and PD2 of 
the first and second photodetectors become equal. 
If the distance of F at the zero-crossing point N in 
Fig. 22 is equal to the target distance of F. then the 
normalized differential output x/y itself may be used 
as the error signal of the distance F with respect to 
the target distance. Thus, it is preferred that the 
parameters of the diode 31 and photodetectors 30a 
and 30b. such as the separations gi and Q2 and the 
dimensions of photodetectors 30a and 30b wi, 1i. 
W2. and 12« shown in Fig. 17. are selected in such a 
way that the distance of F at the above zero crossing 
point N becomes equal to the target distance of F. 
Since the normalized differential output x/y has a 
zero crossing point where the outputs PD1 and PD2 
become equal, the zero crossing point N can be set 
substantially arbitrarily at any desired position by 
varying the above parameters of the diode 31 and 
the photodetectors 31a and 31b. For example, if the 
separation g2 between the two photodetectors 30a 
and 30b is made smaller, the peak of the intensity of 
light Incident on the second photodetector 30b, i.e. 
the peak of the curve PD2 and Fig. 19, moves toward 
left in the figure; hence, the output of the second 
photodetector 30b. shown by the curve PD2 In 
Rg. 20, Increases more rapidly in the region in which 
the distance F Is small. Thus, the zero crossing 
distance becomes smaller, I.e. the position of the 
zero crossing point N is moved toward left In Rg. 22. 
Conversely, if the separation g2 is made greater, the 
zero crossing distance of F becomes greater. 

Of course, the position of the zero crossing point 
N. i.e. the zero crossing distance of F, can as well be 
changed by varying the ratio of the areas of the 
light-receiving surfaces of the two photodetectors 
30a and 30b. It is noted in this connection that if the 
ratio of the two areas is equal to unity, i.e., if the two 
areas are equal to each other, the amount of light 
incident on the first photodetector 30a is always 
greater than that incident on the second photode- 
tector 30b: as a result, the zero crossing point N is 
removed to infinity. On the other hand, when the area 
of the second photodetector 30b Increases and the 
ratio of the area of the second photodetector 30b to 
that of the first photodetector 30a Increases above 
unity, the zero crossing distance becomes smaller. 
Thus, in order to make the zero crossing distance 
equal to the target distance, it is necessary to select 
the ratio of the areas of the second photodetector 
30b to the first 30a at a value greater than unity, le., 
to make the area of the second photodetector 30b 
greater than that of the first 30a. 

(c) Concentric Geometry of the Photodetectors. 

Fig. 23 shows another embodiment of an optical 
distance detector which is fundametally similar to 
the above detector shown In Fig. 17 but in which the 



geometry of the photodetectors is adapted to the 
radially symmetric distribution of the light emitted 
from the light-emitting diode. Namely, the dlstribu- 
tfc>n of the light emitted from the light-emitting diode 

S 31 is substantially rotationally symmetric with re- 
spect to the axis of the light-emitting diode 31 which 
pass through the center of the diode 31 at right 
angles with the surface thereof. Thus, for the 
purpose of enhancing the accuracy of measure- 

10 ment. the most efficient geometry of the light-receiv- 
ing surfaces of the first and second photodetectors 
is that in which annular surfaces of the photodetec- 
tors are disposed around the light-emitting diode 31 
in concentric relationship: in such geometry, the 

15 concentric annular surfaces of the two photodetec- 
tors receive the reflected light at locations at which 
the intensity of incident light is substantially equal 
and uniform (Le. take a sinle value). 
Thus, the first and second photodetectors 30a 

20 and 30b of the embodiment shown in Fig. 23 have 
substantially the forms of annul! concentric wKh the 
disk-shaped light-emitting diode 31 disposed at the 
central portion thereof. Across the light-emitting 
diode 31 are attached a pair of electrodes 34b and 

25 34c. which extends through the cut-out portions 
formed in the annular photodetectors 30a and 30b. 
An electrode 34a attached to the first photodetector 
30a extends through the cut-out portion of the 
annular second photodetectro 30b, to which an 

30 electrode 34d is attached. Thus, the cut-out portions 
of the annular photodetectors 30a and 30b of this 
embodiment serve for the purpose of leading out the 
electrodes 34a through 34d. 
Fig. 24 shows still another embodiment having a 

35 fundamentally concentric geometry of the light-emit- 
ting diode and the two photodetectors. The first 
photodetector 30a has the fonm of a segment of a 
disk the center of which conincides with that of the 
light-emitting diode 31 . the segment being cut off by 

40 a chord opposing a side of the rectangular light 
emitting diode 31. The second photodetector 30b 
has the form of a segment of an annulus which Is 
concentric with the segmental disk-shaped first 
photodetector 30a the segment being cut from the 

45 annulus by a line obtained by producing the chord 
that bounds the segment of the first photodetector 
30a. Thus, the Inner and outer arcs that bound the 
segment of annulus of the second photodetector 
30b are centered around the light-emitting diode 31 . 

50 The efficiency of receiving the reflected light is 
reduced in this geometry of the photodetectors 30a 
and 30b, compared with the case of Rg. 23: 
however, in the case of the geometry of Rg. 24, the 
light-emitting diode 31 and the photodetectors 30a 

55 and 30b can be produced as separated chips which 
are mounted later on a substrate, which makes the 
production thereof easier. 

(d) Stepped Conflquratlon of the Photodetectors 
60 In the case where the distance to be measured in 
small and the variation range of the measured 
distance is limited around a small distance, the areas 
of the first and second photodetectors, especially 
that of the first photodetector. must be made small. 
65 and the separations between the light-emitting 
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diode and the first and second photodetectors must 
be reduced in order to attain enough precision in the 
measurement, in principle, these reductions of 
separations and surface areas of opticai elements 
can be accomplished in a coplanar geometry 
discussed above, i-lowever, since these optical 
elements must be electrically Isolated from each 
other, it is difficult to reduce the separations 
therebetween under a certain limit In the case of a 
coplanar geometry of the light-emitting diode and 
the photodetectors. 

Thus, Fig. 25 shows a verticaty stepped configura- 
tion of the photodetectors which is suited to 
measure a small distance; Fig. 25 (a) and (b) are a 
side elevational view and plan view of the light-emit- 
ting diode and the photodetectors. respectively. 
According to this embodiment, the photodetector 
chip 39 carrying the first and second photodetectors 
30a and 30b on the upper surface thereof is mounted 
on a printed circuit board or substrate 35 via an 
electrically conductive plate-shaped spacer 37. The 
first light-emitting diode 31 is mounted directly on 
the substrate 35. As shown In Fig. 26, the circuit 
board 35 canles thereon a printed circuit comprising 
the foliowing pattern of electrical Interconnections : a 
pair of leads 35a and 35b to be coupled to the lower 
and upper (light-emitting) surface of the light-emit- 
ting diode 31. respectively; a lead 35c having an 
enlarged rectangular end portion that is to be 
coupled to the lower surface of the photodetector 
chip 39 which constitutes the cathode of the 
photodetectors 30a and 30b; and a pair of leads 35d 
and 35e to be coupled to the anodes (i.e. upper 
surfaces) of the photodetectors 30a and 30b. 
respectively. On the other hand, the photodetector 
chip 39 comprises on the upper surface thereof 
bonding pads 39a and 39b coupled to the anodes of 
the first and second photodetectors 30a and 30b, 
respectively. As shown In Fig. 25 (b), the following 
pairs are electrically coupled to each other by a 
bonding wire: the upper or light-emitting surface of 
the diode 31 Is coupled to the lead 35b by the 
bonding wire 35f ; the bonding pad 39a for the anode 
of the first photodetector 30a Is coupled to the lead 
35d by a bonding wire 35g; and the bonding pad 39b 
for the anode of the second photodetector 30b Is 
coupled to the lead 35e by a bonding wire 35h. Other 
electrical connections are made by means of an 
electrically conductive adhesive material: the con- 
nection between the lower surface of the diode 31 
and the lead 35a; the connection between the 
photodetector chip 39 and the electrically conduc- 
tive spacer 37; and the connection between the 
spacer 37 and the lead 35c. 

In the above structure, the thickness of the 
plate-shaped spacer 37 is selected at a dimension 
greater than the thickness of the light-emitting diode 
31 ; further, the side of the rectangular spacer 37 
opposing the light-emitting diode 31 recedes from 
the side of the chip 39 thereabove which likewise 
opposes the diode 31 ; as a result, the separation 
between the opposing side surfaces of the spacer 
37 and the diode 31 can be made as great as is 
desirable, as is apparent from Fig. 25 (a). Thus, even 
If there is some extrusion of electrically conductive 



adhesive material in the assembiying process, there 
is no danger of an occurence of short circuit 
between the leads 35c for the cathode of the 
photodetectors and the lead 35a for the lower 

5 surface of the diode 31. Further, between the 
light-emitting surface of the diode 31 and the light 
receiving surfaces of the photodetector chip 19 Is 
formed a vertical drop In the direction of the optical 
axis thereof, I.e., in the direction perpendicular to the 

10 surface of the diode 31 or photodetectors 30a and 
30b. Since the thickness of the spacer 37 is greater 
than the thickness of the diode 31 , the vertial drop Is 
greater than the thickness of the photodetector chip 
19. 

IS The method of operation of the photodetector 
configuration shown in Figs. 25 and 26 is as follows: 
As shown In Fig. 27. the light emitted from the diode 
31 Is reflected by the opposing specular surface of 
an object 27 and the reflected light is received by the 

20 photodetectors 30a and 30b. Since the spacer 37 
has a thickness greater than that of the diode 31 (l.e. 
the vertical drop of the light-emitting surface with 
respect to the light-receiving surfaces of the 
photodetectors Is greater than the thickness of the 

25 light-emitting diode 31), the separation between the 
light-emitting diode 31 and the photodetector chip 
39 can be made as small as Is desired, without 
Incun'ing the danger of short circuit between the 
leads 35a and 35c or between the spacer 37 and the 

30 lead 35a. Thus, the light-emitting surface of the 
diode 31 and the light-receiving surface of the 
photodetector chip 39 (especially the light-receiving 
surface of the photodetector 30a) can be made 
suffk:ientiy near to each other, in their horizontal 

35 positions. If necessary, the projections of the 
light-emitting and light-receiving surfeces to a 
horizontal plane (the projections being made on a 
horizontal plane In a direction parallel to their opticai 
axes that are perpendicular to the light-emitting or 

40 light-receiving surface thereof) may partially overiap 
each other. As a result, the distance detector 
according to this embodiment Is capable of measur- 
ing extremely small distances with accuracy. 
Fig. 28 shows an embodiment wherein an optical 

45 distance detector whose structure is substantially 
identical to that of Figs. 25 through 27 Is Installed In 
an magneto-optical disk device for the purpose of 
controlling the distance between its magnetic head 8 
and the optical disk 1 . Fig. 28 (a) shows the plan view 

SO of the magnetic head 8 and the optical distance 
detector. The optical distance detector includes a 
substrate 35 carrying the printed circuit comprising 
the leads 35a through 35e coupled to the electrodes 
of the light-emitting diode 31 and the photodetec- 

55 tors 30a and 30b thereon. Fig. 28 (b) shows a vertlaJ 
cross section thereof along line k-k In Fig. 28 (a). As 
shown In Fig. 28 (b). the magnetic head 8 and the 
distance detector on the substrate 35 are mounted 
on a support member 38 which constitute an 

€0 actuator for adjusting the separation g between the 
magnetic head 8 and the optical disk 1. 

The operation of the assembly shown In Rg. 28 Is 
as follows. The actuator constituted by the member 
28 is driven In response to the distance F between 

^ the light-receiving surface of the photodetector chip 
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39 and the optical disk 1. Thus, as discussed above, 
it is preferred that the geometric parameters of the 
diode 31 and the photodetectors 30a and 30b (such 
as the separations therebetween and the areas of 
the two photodetectors 30a and 30b) are selected in 
such a way that the following condition is satisfied. 
Namely, when the separation g is equal to the target 
value thereof, the normalized differential output x/y 
of the first and second photodetectors 30a and 30b 
vanishes. In this manner, the nonmallzed differential 
output x/y can be used as the enror signal in the 
control of the separation g to the target value 
thereof. 

By the way, the reason that the separation g 
between the magnetic head 8 and the disk 1 must be 
controlled by means of an actuator In an magneto- 
optical disk device is as follows. Commonly, a 
separation of a few micrometers is formed by means 
of an air cushion formed between the magnetic head 
and the magnetic recording medium of a magnetic 
recording and reproducing device. However, the 
strong point of the magneto-optical disk device Is ite 
Immunity to dust; thus, if this advantage of the 
magneto-optical disk device is to be preserved, the 
separation between the magnetic head and the disk 
must be controlled within a range of from a few tens 
of micrometers to a few hundreds of micrometers. 
Thus, In the case of magneto-optical disk device, the 
air floating method is of no avail. Consequently, it is 
necessary to detect the separation between the 
magnetic head and the disk by a distance detector 
and control it in response to the output to the 
distance detector. Further, the distance detector 
must be small-sized and light-weighted to be used 
with an magneto-optical disk recording and repro- 
ducing device. The optical distnce detector accord- 
ing to the above embodiment satisfies these 
requirements. 

(e) Stepped Concentric Configurations of the 
Photodetectors 

As discussed above in connection with the 
configuration of Fig. 23. the radiation distribution of 
the light emitted from the light-emitting diode is 
substantially radially symmetric, i.e. rotationally sym- 
metric with respect to the central axis of the 
light-emiting diode; hence, concentric configuration 
of the first and second photodetectors centered 
around the light-emitting diode Is most efficient and 
accurate in determining the distance from the 
amounts of light incident thereon. However, various 
technical difficulties accompanies such configura- 
tion of the photodetectors mounted on the same 
chip or substrate on which the light-emitting diode is 
mounted. The difficulties become greater if the 
separations between the optical elements or areas 
of the photodetectors are to be made smaller for the 
purpose of determining small distances with enough 
precision. Thus, in the foliowing. let us describe 
embodiments having stepped concentric configura- 
tion, whereby the electrical connections can be 
made easily and measurement of small distance can 
be made accurately and efficientiy. 

Fig. 29 shows a first embodiment of the stepped 
concentric configuration of the photodetectors. 



wherein fig. 29 (a) shows a plan view of the 
configuration while Fig. 29 (b) shows a vertical 
section thereof along line 1-1 in Fig. 29 (a). Annular 
first and second photodetectors 30a and 30b are 

5 carried on a disk-shaped photodetector chip 39 
having a central circular through hole 39c extending 
vertically therethrough. The disk-shaped photode- 
tector chip 39 Is mounted on the upper surface of an 
electrically Insulating rectangular spacer member 40 

10 having a drcutar through hole 40d extending 
vertically therethrough In registry with the through 
hole 39c of the photodetector chip 39c. The 
diameter of the through hole 40d of the spacer 40 Is 
greater than that of the through hole 39c of the 

IS photodetector chip 39. A rectangular light-emitting 
diode 31 is mounted at the upper light-emitting 
surface thereof to the lower surface of the spacer 40, 
in registry with its through hole 40d; since the 
rectanguir diode 31 has sides longer than the 

20 diameter of tiie through hole 40d of the spacer 40, 
the through hole 40d Is closed from below by the 
upper surface of the light-emitting diode 31. 

Electrical connections to and from the dk>de 31 
and the photodetectors 30a and 30b are effected as 

25 follows. The spacer 40 has a printed circuit on both 
the upper and lower surfaces for making electrical 
interconnections. Namely, as shown in Fig. 30 (a), on 
the upper surface of the spacer 40 is carried a 
printed circuit which includes the following electrical 

30 connections: and electrode or lead 40c having a 
disk-shaped end portion with a central hole in 
registry with the through hole 40d of the spacer, 
which electrode 40c is to be coupled electrically, via 
an electrically conductive adhesive agent, to the 

^ cathode of the photodetectos 30a and 30b formed 
on the lower surface of the disk-shaped photodetec- 
tor chip 39: and a pair of leads 40a and 40b to be 
electrically coupled to the anodes on the upper 
surfaces of the first and second photodetectors 30a 

40 and 30b. respectively, via bonding wires 41a and 
41b, respectively. Further, as shown In Fig. 30 (b). on 
the lower surface of the spacer 40 is carried a 
printed circuit which includes the following electrical 
connections: a lead 40g having a rectanguir end 

45 portion with a central hole In registry with the 
through hole 40d of the spacer 40. which lead 40g Is 
to be coupled electrically to the upper or light-emit- 
ting surface of the diode 31 via an electrically 
conductive adhesive; and a lead 40f which is to be 

SO electrically coupled to the lower surface of the 
llght-emltting diode 31 via a bonding wire 41c, as 
shown In Fig. 31. 

Figs. 32 and 33 show the assembly of Fig. 29 in 
operation: the light emitted from the diode 31 

55 radiates through the through holes 40d and 39c of 
the spacer 40 and the photodetector chip 39 to be 
reflected by the lower surface of the object, i.e. an 
optical disk 1 ; the reflected by the disk 1 is received 
by the first and second photodetectors 30a and 30b, 

60 which are concentric with the light-emitting diode 31 . 
Rg. 32 (a) shows a vertical section along a diameter 
of the disk-shaped photodetector chip 39; the view 
corresponds to the case where the distance bet- 
ween the disk 1 and the detector surface (I.e. the 

65 upper hand. Fig. 33 (a) shows the same section In 
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the case where the distance is great. Figs. 32 (b) and 
33 (b) show. In the cases of small and great 
measured distance F, respectively, the relation 
between the distance D (taken along the abscissa) 
from the center of the concentric photodetectors 
and the intensity of light (taken along the ordinate) 
incident on a point on the detector surfece which Is 
separated from its center by a distance D. Since the 
distribution of the Intenclty of light Incident on the 
detector surface is rotationally symmetric with 
respect to the center of the photodetector chip 39, 
the intensities of light incident on the concentric 
annular light-receiving surfaces of the photodetec- 
tors 30a and 30b are substantially unifonm over the 
whole area thereof. Thus, the configuration of the 
photodetectors according to this embodiment re- 
alises accurate and efficient measurement of the 
distance F between the surfece of the chip 39 and 
the disk 1. Further, the iight-emltting surface of the 
diode 31 and the light-receiving surface of the first 
photodetector 30a can be made horizontally (I.e. 
radially) so close to each other, that the projections 
of these light-emitting and light receiving surfaces to 
a horizontal plane along the direction of the optical 
axis are overiapped upon each other; thus, the 
measurement of extremely small distances is made 
posible. 

Referring now to Fig. 34 of the drawings, let us 
describe a second embodiment having a stepped 
concentric configuration of photodetectors In which 
the efficiency in forming the electrical connections is 
Improved. Fig. 34 (a) and (b) are a plan view and a 
vertical sectional view thereof respectively, Rg. 34 
(b) showing a section along the line m=m In Rg. 34 
(a). 

A rectangular photodetector chip 39 having a 
central through hole 39c carries on its upper surface 
annular first and second photodetectors 30a and 
30b which are concentric with the central hole 39c. 
The second photodetector 30b has a radially 
extending cut-out portion through which the lead 
39a coupled to the anode of the first photodetector 
30a extends. Ihe lower surface of the rectangular 
photodetector chip 39 which constitute the cathode 
of the photodetectors 30a and 30b Is mounted on a 
printed circuit board or substrate 35 via an electri- 
cally conductive spacer member 43. As shown In 
Fig. 35. the spacer 43 has horizontally the form of U, 
the open end of which Is directed downward In the 
figure. On the other hand, as shown in Fig. 38. the 
substrate 35 carries on Its upper surface the 
following pattern of a printed circuit: a connection or 
lead 35c having a U-shaped end portion on which the 
spacer 43 Is mounted via an electrically conductive 
adhesive; leads 35a and 35b coupled to the lower 
and the upper surface of the light-emitting diode 31, 
respectively, via an electrically conductive adhesive 
and a bonding wire 35f. respectively; and leads 35d 
and 35e to be coupled to the anode of the first and 
second photodetectors 30a and 30b, respectively, 
via bonding wires 35g and 35h. respectively. The 
light-emitting diode 31 Is mounted on the end 
portion of the lead 35a on the substrate 35, to be 
horizontally in registry with the central hole 39c of 
the photodetector chip 39. The connection between 



the cathode (lower surface) of the chip 39 and the 
spacer 43 Is effected by an electrically conductive 
adhesive, by the way, the spacer 43 Is thick enough 
to allow the boding wire 35f to be coupled to upper 

5 surface of the didoe 31 without making contact with 
the lower surface of the photodetector chip 39. 

The operation of the assembly of Rg. 34 is as 
follows. The light emitted from the diode 31 is 
radiated upward through the through hole 39c to be 

10 reflected by a specular surface of an object. Thus, its 
operation Is substantially indetical to that of the first 
embodiment (shown In Fig. 29) having the stepped 
concentric photodetector configuration. However, In 
the case of this second embodiment, the electrical 

IS connections are made by means of a printed circuit 
formed on a single suriace of the substrate 35. Thus, 
the time and labor required In forming the pattern of 
printed circuit on the substrate 35 and In mounting 
the electrical components thereon are reduced. 

20 Referring now to Figs. 37 and 38 of the drawings, a 
third embodiment having a stepped concentric 
configuration of photodetectors is described. Rg. 37 
shows a vertical section thereof, while Fig. 38 Is an 
exploded perspective view thereof. 

25 A rectangular plate-shaped photodetector chip 39 
carries on Its upper surface annular first and second 
photodetectors 30a and 30b which are concentric 
with the central through hole 39c of the chip 39. The 
photodetector chip 39 Is mounted on a substrate 35 

SO via an electrlcaity conductive spacer 45. The rectan- 
gular plate-shaped spacer 45 has a U-shaped notch 
45a having a large enough dimension to receive a 
rectangular plate-shaped light-emitting diode 31 
horizontally therein without contact. On the upper 

36 surface of the substrate 35 Is fomied a pattern of 
printed circuit comprising leads 35j and 35k. The 
light-emitting diode 31 is mounted on the end 
portion of the lead 35j via an electrically conductive 
adhesive material. The spacer 45 is mounted, via an 

40 electrically conductive adhesive material on the end 
portion of the lead 35k having a form con-espondlng 
thereto. The lower surface of the photodetector chip 
39 consltuting its cathode is connected via an 
electrically conductive adhesive material to the 

45 upper surface of the spacer 45 and the upper 
surface of the light-emitting diode 31. 

Thus, In the case of this embodiment, the cathode 
of the photodetector chip 39 and the light-emitting 
surface of the diode 31 are electrically coupled to 

SO each other. Thus, the circuit for driving them must be 
organized with a special care. Rg. 39 shows an 
example of the drive circuit for the light-emitting 
diode 31 and the photodetectors (photodlodes) 30a 
and 30b. The diode 31 Is coupled across a battery 54 

55 via a resistor 55. On the other hand, the photodetec- 
tors 30a and 30b, whose cathodes are coupled to 
the positive temninal of the battery 54, are coupled at 
their anodes to the Inverting input of the amplifiers 
56a and 56b, respectively. The output PD1 and PD2 

eo of the amplifiers 56a and 56b. which constitute the 
output of the photodetectors 30a and 30b. respec- 
tively, are fed back to the Inverting input of the 
amplifiers 56a and 56b, respectively, by negative 
feedback resistors 57a and 57b. respectively. The 

65 non-Inverting Inputs of the amplifiers 56a and 56b 



12 



23 



EP 0336687 A2 



24 



are grounded. 

When the light emitted from the diode 31 radiates 
on the reverse-biased photodiodes 30a and 30b. a 
reverse current proportional to the amount of 
incident light flows through each one of the 
photodiodes 30a and 30b. Thus, the outputs PD1 
and PD2 corresponds to the amount of light incident 
on the photodiodes 30a and 30b. respectively. 

Bimorph Type Actuators 

(a) Typical Structures and their Disadvantages. 

In the optical disk recording and reproducing 
device described above, a bimorph type actuator is 
used to control the distance between the magnetic 
head and the recording surface of the magnetic disl^. 
Fig. 40 show a typical structure of the bimorph type 
actuator which Is used for driving the object lens of 
the optical head. Thus, a bimorph type actuator 61, 
which consists of a pair of parallel plate-shaped 
bimorph elements 61a and 61b, Is fixed at one end 
thereof to a support member 60. and. at another end 
thereof, coupled to an object lens holder 3c on 
which the objective lens 3a of the optical head is 
mounted. As shown in Rg. 41. each bimorph plate 
61a or 61b consists of a pair of piezoelectric 
plate-shaped elements 62a and 62b and an elastic 
shim 63 held therebetween. The shim 63 is made of a 
metat such as copper and also functions as an 
electrode for the piezoelectric plates 62a and 62b. 
Leads 67 and 69 are coupled to the upper surface of 
the piezoelectric plates 62a and 62b, respectively; 
lead 68 Is coupled to the electrically conductive shim 
63. Thus, the piezoelectric plates 62a and 62b are 
polarized in the direction of their thickness when a 
driving voltage Is applied thereacross via the 
electrodes 67 through 69. The parallel structure of 
the two bimorph plates 61a and 61b of the actuator 
61 is aimed at minimizing the slanting of the lens 3a 
from the horizontal direction. 

The operation of the bimorph type actuator 61 of 
Fig. 40 Is as follows. When a voltage is applied 
across the piezoelectric plates 62a and 62b of each 
one of the bimorph plates 61a and 61b of the 
bimorph type actuator 61 via the leads 67 through 69 
in such a way that the electrodes 67 and 69 have the 
same polarity while the electrode 68 has the 
opposite polarity, one of the piezoelectric plates 62a 
and 62b expands and the other contracts; for 
example, the upper plate 62a expands and the lower 
plate 62b contracts, as shown by horizontal arrows 
in Fig. 41 . However, the elastic shim 63. to which the 
opposing surfaces of the piezoelectric plates 62a 
and 62b are fixedly secured, does not change its 
length; thus, the bimorph plates 61a and 61b are 
bent downward in the direction B1 as shown in 
Fig. 42. Conversely, when the polarltly of the applied 
voltage is reversed, the upper piezoelectric plate 62a 
contracts and the lower plate 62b expands; as a 
result, the bimorph plates 61a and 61b. and hence 
the whole actuator 61. are deflected in the upward 
direction. The focusing error of the objective lens 3a 
is detected by an optical distance detector, for 
example, and the voltage applied to the bimorph 
plates 61a and 61b are controlled in accordance with 



the detected focusing enror. Thus, the holder 3c and 
the object lens 3a mounted thereon are driven In the 
vertical direction B perpendicular to the recording 
surface of the optical disk In response to the 

5 detected focusing error, and the distance between 
the lens 3a and the recording surface of the optical 
disk is adjusted in such a manner that the focusing 
error is reduced to zero. 
The bimorph type actuator of Fig. 40 as described 

10 above, however, has the following disadvantages. As 
shown in Fig 42, the gain (taken along the ordinate) 
off the actuator, l.e., the amount of vertical deflection 
or displacement thereof In relatton to the voltage 
applied thereacross, has high peaks, with regard to 

15 the frequency f (taken along the abscissa) of the 
voltage applied to the actuator, at relatively low 
second, third, and fourth resonance frequencies fa, 
f3, and f4, In addition to the first or lowest resonance 
frequency fi. Thus, If the frequency of the voltage 
20 applied across the bimorph plates 61 a and 61 b of the 
actuator 61 comes into the range where the higher 
resonance frequencies fa, fa. etc. lie, the amount of 
deflection of the actuator, or the amplitude of 
oscillation thereof becomes abruptly great at these 
25 higher resonance frequencies. As a result, the 
frequency range of the actuator 61 must be limited 
within a region which lies below and outside of the 
higher resonance frequencies. Further, the structure 
In which the bimorph plates 61a and 61b run parallel 

30 to each other makes the assembling process a time 
and labor consuming process. Further, the same 
structure limits the amount of vertical displacement 
of the lens 3a which can be achieved by the 
deflection of the actuator 61. 

35 On the other hand. Fig. 43 shows a typical 
structure of a bimorph type actuator for driving the 
magnetic head 8 of an optical disk recording and 
reproducing device. The actuator of Fig. 43 is similar 
to that described above In connection with an 

40 embodiment of an optical disk recording and 
reproducing device having a bimorph type actuator 
for driving Its magnetic head. Namely, the actuator 9 
of Fig. 43 comprises a pair of piezoelectric plate- 
shaped elements 9a and 9b provided with electrodes 

45 on their surfaces, and an electrically conductive 
plate 9c fixedly held therebetween. A pair of 
supporting plates 6a fixedly supports therebetween 
the oscillation center of the bimorph type actuator 9 
fl'om the upper and lower sides thereof. The 

50 magnetic head 8 is mounted to the free end of the 
actuator 9 to oppose the recording surface of the 
optical disk 1. 

As described above In reference to Rgs. 7 
through 9. etc., the distance between the magnetic 

55 head 8 and the surface of the disk 1 is detected by a 
distance detector (not shown) from vmich a distance 
signal Z is supplied to the driver circuit 96 which 
drives the actuator 9. The driver circuit 96 outputs a 
voltage V in response to the distance signal Z to a 

SO terminal 95 coupled to the electrode at the upper 
surface of the upper piezoelectric plate 9a and to the 
electrode at the lower surface of the lower pie- 
zoelectric plate 9b. The tenmlnal 94 coupled to the 
electrically conductive plate 9c Is grounded. Thus, a 

65 voltage V outputted fl^om the driver circuit 96 which 
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corresponds to the distance error between the 
magnetic head 8 and the recording surface of the 
disk 1 is applied across the piezoelectric plates 9a 
and 9b of the actuator 9. In response thereto, the 
actuator 9 Is deflected in the direction B perpendicu- 
lar to the recording surface of the disk 1 to maintain 
the distance between the head 8 and the disk 1 at a 
predetermined constant magnitude. Since the struc- 
ture and operation of optical disk recording and 
reproducing device have already been described, 
further description of the device Is deemed un- 
necessary. 

The distance signal Z varies at various frequen- 
cies; thus, the voltage V corresponding thereto 
comes to be an A.C. voltage having the same 
frequency as the distance signal Z; the actuator 9 Is 
applied with this voltage V outputted from the driver 
circuit 96. Thus, the actuator of Fig. 43 has the same 
kind of disadvantage as the actuator of Fig. 40 with 
respect to the frequency characteristics of Its gain 
(I.e. the amount of displacement or deflection of the 
actuator In relation to the voltage applied therer 
across). Fig. 44 shows an example of the relation 
between the frequency f (taken along the abscissa) 
and the gain or amount of displacement of the 
actuator (taken along the ordinate), which relation is 
determined primarily by the dimension and mechan- 
ical properties of the actuator. As shown In the 
figure, the amount of displacement has high peaks at 
relatively low second and third resonance frequen- 
cies f2 and fs, besides the first or lowest resonance 
frequency fi. Thus, if the frequency of the voltage 
applied across the actuator 9 comes Into the range 
where the higher resonance frequencies f2, fa lie, the 
amount of deflection of the actuator, or the ampli- 
tude of oscillation thereof, becomes undesirably 
great at these higher resonance frequencies. As a 
result, the frequency range of the actuator 9 must be 
limited within a region which lies below and outside 
of the higher resonance frequencies fg and fa which 
are relatively low. 

The above problems of the actuators of Figs. 40 
and 43 are solved according to the principle of this 
invention in two ways: first by a special geometry of 
the bimorph type actuator Itself; and second, by 
providing a circuit for supressing the higher order 
resonance frequency components. In the following, 
embodiments of the bimorph type actuator which 
solve the above problems according to these two 
methods are described under each sub-headings. 

(b) Actuators having a Shim of Special Geometry 
Under this sub-heading, embodiments of bimorph 
type actuators having an elastic shim member with a 
special geometry that Is effective for suppressing 
vibrations of undesirable modes are described. In 
these embodiments, the width of the shim Is varied 
In the longitudinal direction of the plate-shaped 
actuators according to the function which repre- 
sents the form of a beam vibrating in a a normal free 
lateral vibration mode, as explained in destall below. 

First, refening to Figs. 45 and 46, let us describe a 
first embodiment of the bimorph type actuator in 
which the shim held between the piezoelectric 
plate-shaped elements have a special geometry for 



suppressing vibrations of higher modes other than 
the first or lowest mode. The actuator 71 comprises 
a pair of rectangular plate-shaped piezoelectric 
element 71 and 73, and a piate-shaped elastic shim 

5 74 held fixedly therebetween. The width of the shim 
74 varies with respect to the longitudinal distance x 
according to a special function as described in detail 
below. The piezoelectric plates 71 and 72 are 
provided at upper and lower surfaces thereof with 

10 electrodes and are thereby polarized in the direction 
of their thickness. The actuator 71 is fixedly 
supported at one end thereof by a support member 
60 and Is coupled at the free end thereof to the 
holder 3c carrying the objective lens 3a. 

15 The width b « b(x) of the shim 74 is related to the 
longitudinal distance x measured from the side the 
support member 60 in the following manner: Let Y(x) 
be normal function of the first or lowest mode of free 
natural lateral vibration of a beam which is supported 

20 at Its two ends by a fixed and roller support, 
respectively. Then, the form of the sides of the shim 
74 Is defined In such manner tht the width b « b(x) 
is inversely proportional to this normal function Y(x) : 
b(x) a 1/Y(x). 

25 The normal function Y(x) of the first or lowest 
mode of vibration may be defined as follows: The 
free natural vibration of the beam In the lateral 
direction (i.e. in a direction perpendicular to the 
k>ngitudinal axis of the beam) may be expressed in 

30 the form: 

y(x,t) = Y(x).8ln(<Dt). 

wherein y(x,t) represents the amount of deflection 
(l.e. lateral displacement) as a function of the 
longitudinal distance x and the time t, and sin (cot) It a 

35 function of time t along. (q> is the angular frequency 
of the vibration.) The function Y(x) represents the 
form of the vibrating beam as a funtion of the 
distance x. When the beam Is vibrating in its lowest 
or first natural free vibration mode, the function Y(x) 

40 representing the fomn of the beam in such vibration 
mode is referred to as the normal function of the first 
or lowest mode of vibration. As well known In the 
mechanics of vibrations of beams, the normal 
function Y(x) of the first or lowest mode of vibration 

45 Of a beam which Is supported at its two ends by a 
fixed and a roller support, respectively, is given by 
the following equation: 

Y(x) - (cos pi - cosh pi)(cosh px - cos px) + (sin 
pi + sinh p1)(slnh px-sin px), wherein 1 Is the 

50 longitudinal Ingth of the beam and the value of pi Is 
given by: pi « 2.365. 

In operation, a voltage corresponding to the 
focusing error Is applied across the piezoelectric 
plates 71 and 73 of the actuator 71; thus, the 

55 actuator 71 Is deflected in the direction B to reduce 
the focusing error of the lens 3a. Since the shim 74 
has the horizontal form as described above (I.e. its 
width b Is related to the longitudinal distance x as 
defined above), and. further, the amount of bending 

60 Of a beam at a lateral cross section thereof Is 
proportional to the moment of Inertia of the cross 
sectional area and hence is inversely proportional to 
its width provided that its thickness is constant, the 
actuator 71 is deflected In the vibration mode of a 

65 beam supported at Its two ends by a fixed (i.e. 
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built-in) and a roller support. As a result, shown In 
Fig. 47. the objective lens holder 3c is translated In 
the direction B without being slanted from the 
horizontal direction. Further, as shown In Rg. 48, 
thanks to the special geometry of the shim 71 . higher 
resonance peaks f2, fa, U of the gain (the amplitude 
of deflection with respect to the driving voltage), 
which peaks correspond to natural free vibrations of 
higher modes, are suppressed. Hence the actuator 
71 can be used in a wide frequency range spreading 
over the higher resonance frequencies. 

According to the first embodiment, the width 
b = b(x) of the shim 74 is related to the longitudinal 
ditance x in such a manner tht it is Inversely 
proportional to the normal function of the first 
vibration mode. Rg. 49 shows a second embodiment 
in Wfhich the the width b = b(x) of the shim 74 is 
related to the longitudinal distance x in such a 
manner that It is inversely proportional to the normal 
function of the second vibration mode. Namely, the 
width b » b(x) of the shim 74 of the actuator of 
Fig. 49 is given by the following equation: 
b(x) a 1/Y(x). 

wherein Y(x) is the normal function of the second 
mode of free natural lateral vibration of a beam which 
is supported at its two ends by a fixed and a roller 
support, respectively. Thus, as shown in fig. 50, the 
peaks f 1 . f3, and U, etc. of the gain of the actuator 71 
other than the second resonance peak f2 are 
suppressed; as a result, the so-called resonance 
frequency of the system fo can be set at a higher 
frequency. 

According to the above-described first and sec- 
ond embodiments, the width b - b(x) of the shim 
has been set by the equation: 
b{x) a inr(x). 

wherein Y(x) is the normal function of the first or the 
second mode, respectively, of free natural lateral 
vibration of a beam which is supported at Its two 
ends by a fixed and a roller support, respectively. 
However, Y(x) in the above equation may be the 
normal function of the third or the fourth mode, or a 
combintlon of normal functions of two (or more) 
vibration modes. Further, the function Y(x) used in 
the above equation in defining the width b of the 
shim as a function of the longitudinal distance x may 
be the normal function of a beam which is fixedly 
supported at one of its ends but free at the other, or 
which is free both at its two ends. 

Fig. 51 shows an embodiment of an actuator 71 
whose shim 74 has the same geometry as that of the 
first embodiment but which is used to drive the 
holder 3c carrying the objective lens 3a in the 
direction C perpendicuir to the optical axis of the 
lens 3a. Thus, the actuator 71 controlls the tracking 
error of the lens 3a. It will be easy for those skilled in 
the art to combine a pair of actuators, one for the 
focusing and the other for the tracking control, to 
obtain an actuator assembly for controlling the 
position of the lens 3a in the two directions. 

Fig. 52 shows another embodiment of an actuator 
71 whose shim 74 has the same geometry as that of 
the first embodiment but which is used to drive a 
magnetic head chip 8a of a magnetic tape recording 
and reproducing device. Namely, a magnetic head 



chip 8a is mounted to the lower surface of the 
actuator 71. The actuator 71 drives the magnetic 
head chip 8a according to a principle similar to the 
one described above; thus, the dislocation of the 

5 magnetic head chip 8a from the track on the 
magnetic tape is adjusted by the actuator 71. 
wherein the gain of the actuator is substantially 
leveled at the higher resonance frequencies. 
Rg. 53 shows another embodiment of an actuator 

10 71 whose shim 74 has the same geometry as that of 
the first embodiment but which Is used to drive a 
magnetic head of a magneto-optical recording and 
reproducing device. Namely, a magnetic head 8 Is 
mounted to the lower surface of the actuator 71 to 

15 oppose the magneto-optical disk 1. A distance 
detector (not shown) detects the distance between 
the magnetic head 8 and the disk 1; in response to 
the detected distance, the actuator 71 drives the 
magnetic head 8 according to a principle similar to 

20 the one described above, so that the error of the 
distance may be reduced to zero. 

By the way. a pair of piezoelectric elements 72 and 
73 are attached to both the upper and lower surfaces 
of the shim 74 to obtain the bimorph type actuator 71 

25 in the case of the above embodiments; however, a 
bimorph type actuator according to this Invention 
may also be obtained by attaching a single pie- 
zoelectric element to one of the surface of the shim 
having a geometry that is effective in suppressing 

30 the vibration at undesirable resonace frequencies 
according to this Invention. 

The bimorph type actuators described under this 
sub-heading having a shim of special geometry 
effective for suppressing the vibration of undesirable 

35 modes have following advantages: first, they can be 
used in a wide frequency range extending over the 
higher resonance frequencies; second, they are 
capable of being deflected without being slanted at 
their free end, which makes them especially suited 

40 to be used as an actuator for driving the objective 
lens of an optical head. etc. Further, compared with 
the parallel paired structure of Rg. 40. they are 
simple in structure and can be assembled more 
easily; In addition, they allow a greater amount of 

45 deflection or displacement at their free end. 

(c) Actuators with Drive Voltage Modification 
Circuitry 

Under this sub-heading, actuators provided with a 
SO simple circuit which suppresses the driving voltage 
of the actuator when the vibration frequency of the 
actuator approaches undesirable resonance fre- 
quencies. 

Fig. 54 shows a first embodiment of such an 
5S actuator provided with drive voltage modifictlon 
circuitry, which embodiment is similar to the actuator 
described under the sub-heating (a) in reference to 
Fig. 43. Thus, like reference numerals are used in 
both figures and the description of the actuator of 
60 Fig. 54 here is limited In the main to points which are 
different from the case of the actuator of Fig. 43. 

The upper piezoelectric plate-shaped element 9a 
of the bimorph type actuator 9 have a rectantular 
stepped portion or recess 9d formed at a comer of 
es the upper surface thereof at the free oscillating end 
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Of the actuator 9. An electric lead coupled to the 
bottom surface of the recess 9d. at which the 
piezoelectric crystal of the element 9a Is exposed, is 
coupled to a tennlnal 97; the terminal 97 in Its turn Is 
coupled to the actuator driving circuit 96 to supply a 
voltage C corresponding to the acceleration of the 
piezoelectric element 9a. 

As shown in Fig. 55. the drive circuit 96 comprises. 
In addition to the output circuit 96b, frequency 
detector circuit 96a for detecting the frequency f of 
the acceleration voltage C. The output circuit 98b 
outputs an actuator driving voltage V con^spondlng 
to the distance signal Z which, as remarked before. 
Is outputted from a distance detector 99 which 
detects the distance between the magnetic head 8 
and the recording surface of the disk 1; the output 
circuit 96b. however, modifies the ievei of the voltage 
V when the frequency f of the acceleration voltage C 
comes near or equal to the higher resonance 
frequencies (ie. second and third resonance fre- 
quencies f2 and fs). Namely, when the frequency f of 
the acceleration voltage C comes near to or equal to 
the higher resonance frequencies, the output circuit 
96b detemiines the magnitude of the factor by which 
the drive voltage V must be reduced, If the gain of 
the actuator is to be leveled at the frequency f near 
or equal to the higher resonance frequencies h and 
f3. in accordance with the determined reduction 
factor, the output circuit 96b reduces the level of the 
voltage V. 

Thus, the operation of the driver circuit 96 Is 
identical unless the frequency of the vibration of the 
actuator 9 is outside of the neighborhoods of the 
higher resonance frequencies of the actuator 9. 
When, however, the frequency f of the acceleration 
voltage C, which frequency con-esponds to the 
frequency of vibration of the actuator 9, comes near 
Into the neighborhood of a higher resonance 
frequency, the output level of the voltage V deter- 
mined on the basis of the distance signal Z Is 
reduced by a factor determined on the basis of a* 
frequency f. Thus, as shown in Fig 66, the gain, I.e. 
the amount of displacement in the direction B of the 
actuator with respect to the ievei of the driving 
voltage V. is leveled at the higher resonance 
frequencies h and fs. Thus, the actuator according 
to this embodiment can be used in a wide frequency 
range extending over the higher resonance frequen- 
cies. An advantage of the actuator according to this 
embodiment is this: the piezoelectric ceramics 
exposed at the bottom of the recess 9d functions as 
a acceleration sensor of the actuator 9 and directly 
outputs a acceleration signal voltage C; as a result, 
the frequency of the vibration of the actuator can be 
detected by a simple and inexpensive circuit 
organization. 

Fig. 57 shows another embodiment of an actuator 
100 having a recess lOOd for outputting an accelera- 
tion signal; the actuator 100 is used to support and 
drive the holder 3c of the objective lens 3a of a 
magneto-optical disk recording and reproducing 
device. Thus, for the purpose of avoiding the slanting 
of the lens 3a from the horizontal direction In the 
displacement or deflection In the vertical direction B, 
two plate-shaped parallel bimorph elements lOOa 



and lOOb fixedly supported at a vibration center of 
thereof by supporting member 6a are coupled at the 
free end thereof to the holder 3c. The recess lOOd 
formed on the upper bimorph element 100a is 

5 coupled to a drive circuit (not shown) as in the case 
of the actuator of Fig. 55. 

The princpie discused above under this sub-head- 
ing for suppressing and leveling the gain or amount 
of displacement at the higher resonance frequencies 

10 of a bimorph type actuator Is applicaibe to any 
actuators; for example, it is equally applicable to the 
actuators for controlling the tracking error of the 
magnetic head of a video tape recorder. 

15 Optical Disk Device with an Electromagnetic 
Actuator 

in the above, optical disk devices having a 
bimorph type actuator have been described. Under 
this heading, embodiments of optical disk recording 
20 and reproducing devices having an electromagnetic 
actuator for adjusting the position of its magnetic 
head are described. Since the optical disk devices 
described under this heading are similar in structure 
and operation to the optical disk devices described 
25 above, except for their electromagnetic actuators, 
descriptions hereinbelow are limited in the main to 
their electromagnetic actuators. 

Fig. 58 shows a side elevational cross section of a 
first embodiment of an optical disk device having an 

30 electromagnetic actuator for driving the magnetic 
head. The device comprises an optical head 3 for 
radiating a light (laser) beam 4 on the disk 1 via an 
objective lens 3a and a reflection mln-or 3d. The light 
beam 4 Is converged at the spot 5 on the recording 

35 surface of the disk 1, on which recording of 
Information is effected. 

Now. let us describe the structure of the electro- 
magnetic actuator according to the embodiment of 
Fig. 58, which is shown in an exploded perspective 

40 view in Fig. 59 (wherein, it is noted, the parts are 
shown upside down with respect to their attitudes in 
Fig. 58). First, the immobile portions of the actuator 
comprises the following parts: a cylindrical yoke 108 
fixedly mounted at the upper end surface thereof to 

45 the supporting base member 6 of the optical disk 
device, the yoke 108 having an annular recess 108a 
extending In its axial direction from the end surface 
thereof opposing the recording surface of the 
magneto-optical disk 1; an annular permanent 

SO magnet member 1 09 mounted to the radially inwards 
facing side surface of the recess 108a formed In the 
yoke 108. the annular magnet 109 being magnetized 
in the radial direction to have a south and a north 
pole at Its inner and outer side surface, respectively; 

55 a flat annular magnetic shield 110 made of a 
magnetic material, substantially closing the annular 
opening of the annular recess 108a of the yoke 108. 

The movable parts which are moved with the 
magnetic head 8 of the optical disk device, on the 

60 other hand, have the following structure. A hollow 
cylindrical coll bobbin 113 carrying a coll 114 on the 
outer side surface thereof Is coupled, via a pair of flat 
annular elastic support members 111 and 1 12, to the 
radially Inwards facing side surface of the recess 

6S 108a of the yoke 108. To the end of the bobbin 1 13 
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opposing the recording surface of the disk 1 is 
mounted a substrate board 115 carrying the magen- 
tic head 8 of the optical disk device. In addition to the 
magnetic head 8. the substrate board 115 carries on 
the surface opposing the recording surface of the 
optical disk 1, a light-emitting element 116 and a 
lihgt-sensitive element 117 partloned Into two detec- 
tor parts, as shown in Rg. 59. which elements 116 
and 117 together constitute an optical distance 
detector for detecting the distance between the 
magnetic head 8 and the recording surface of the 
disk 1. 

The operation of the actuator of Figs. 58 and 59 is 
as follows. When the recording Is effected, the 
magnetic head 8 is energized to generate a biasing 
magnetic field at the recording spot of the disk 1 
which Is heated by the light beam 4 radiated from the 
optk:al head 3. The error of the distance between the 
magnetic head 8 and the recording surface of the 
disk 1 is detected by the optical distance detector 
constituted by the elements 116 and 117. Namely, 
the light emitted from the element 116 is reflected by 
the disk 1 to be received by the element 117. The 
distance error can be determined from the differen- 
tial output of the two detector parts of the 
light-sensitive element 117. (For details of the 
operation of the optical distance detector, reference 
may be made to the description above concerning 
the optical distance detectors). In response to the 
distance signal Z outputted from the element 117. 
the actuator driver circuit 114a supplies a cunrent. 
the amount of which corresponds to the distance 
en-or, to the coil 1 14 carried on the bobbin 1 13. Thus, 
by means of the electromagnetic force acting 
between the coil 1 14 and the permanent magnet 109, 
the bobbin 1 13 is driven in its axial directton, to drive 
the magnetic head 8 carried on the substrate 115 In 
the direction B perpendicular to the recording 
surface of the disk 1. As a result, the error of the 
ditance between the disk 1 and the magnetic head 8 
is reduced, and the magnetic head 8 is maintained at 
a constant distance from the recording sniface of 
the disk 1. By the way. the shield 110 prevents the 
magnetic flux from leaking to the magnetic head 8 
from the magnetic circuit fonmed by the yoke 108 
and the permanent magnet 109. 

Referring now to Fig 60. a second embodiment of 
an optical disk device having an electromagnetic 
actuator is described. The device is identical to that 
of the first embodiment shown In Figs. 58 and 59 
(wherein like reference numerals represent like 
parts), except for the following points: The substrate 
board 115 carrying the magnetic head 8 and the 
optical distance detector (not shown) is mounted to 
an end of the bobbin 1 13 via a plate-shaped support 
member 118; the member 1 18 is mounted to the end 
of the bobbin 113 opposing the disk 1. A balancing 
weight 1 19 is mounted to the end of the member 118 
opposite to the end to which the substrate board 
115 Is mounted. Further, the bobbin 113 is coupled 
to the yoke 108 via a single elastic support member 
112. 

Referring next to Fig. 61 . a third embodiment of an 
optical disk device having an electromagnetic actua- 
tor Is described. The device is identical to that of the 



first embodiment shown In Figs. 59 and 60 (wherein 
like reference numerals represent like parts), except 
for the following points: The substate board 116 
carrying the magnetic head 8 and the optical 

5 distance detector (not shown) Is coupled to an end 
of an elastic support member 121 which in Its turn is 
coupled at the other end thereof to a support 
member 120 fixed to the supporting base 6. Thus, 
the bobbin 113 carrying the coil 114 Is supported by 

10 the members 120 and 121 via the substrate board 
115 coupled to an end thereof. 

It will be apparent to those skilled In the art that 
many modifications may be made to the optical disk 
recording and reproducing device having an actua- 

15 tor according to this invention. For example, dis- 
tance detector of the type utilizing the electrostatic 
capacity or the signal of the optical head for the 
detection of the distance may be used Instead of the 
optical distance detectors. Further, the actuators 

20 can be used for moving the magnetic head to allow a 
sufficient separatton between the head and the disk 
during the loading and unloading of the optical disk. 
In such case, the magnetic head Is moved by the 
actuator In the direction away from the surface of the 

25 disk by a length of about 3 to 10 mm. 

While we have described and shown particular 
embodiments of our Invention under each heading 
above. It will be understood that many modifications 
may be made without departing from the spirit 

30 thereof, and we contemplate by the appended 
claims to cover any such modifications as fall within 
the true spirit and scope of our invention. 



35 Claims 

1 . An optical disk device capable of recording 
and reproducing information on and from an 
magneto-optteal disk including a layer of mag- 
40 netlc material, comprising 

optical head means for radiating a light beam on 
a recording surface of said magneto-optical 
disk: 

magnetic head means for generating, In a 

45 recording process, a biasing magnetic field at a 

recording spot on the recording surface of the 
magneto-optical disk, which spot is being 
heated by a light beam radiated from said 
optical head means, to effect a recording of 

SO information by reversing a direction of magneti- 

zation of said magnetic material heated by said 
light t>eam, wherein reproduction of information 
Is effected by radiating a light beam from said 
optical head means on the magneto-optical disk 

65 and receiving a light reflected by the recording 

surfece of the magneto-oprical disk to read 
Information out from the reflected light: 
distance detector means for detecting the 
distance between the magnetic head and the 

eo recording surface of the magneto-optical disk; 

a blmorph type actuator Including a plate- 
shaped piezoelectric blmorph type element on 
a free end of which said magnetic head means 
Is mounted to oppose the recording surface of 

65 the magneto-optical disk; and 
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actuator driver means for driving said bimorph 
type actuator in response to the distance 
detected by said distance detector means so 
that an error of said distance with respect to a 
target distance thereof is reduced. 5 

2. An optical disk device as claimed in claim 1 , 
wherein said distance detector means com- 
prises an optical distance detector which 
Includes a light-emitting element and a light- 
sensitive element which receives the light 10 
reflected from a surface of the disk. 

3. An optical disk device as claimed In claim 2, 
wherein said light-sensitive element comprises 
two photodetectors. 

4. An optical disk device as claimed in claim 3, is 
wherein said distance detector determines the 
distance from a differential output of said two 
photodetectors. 

5. An optical disk device as claimed in claim 1, 
wherein said bimorph type actuator includes a 20 
plate-shaped piezoelectric bimorph type ele- 
ment which comprises: 

a plate-shaped piezoelectric ceramics, and 
a plate-shaped support member of an electri- 
cally conductive metallic material fixedly 25 
coupled at a surface thereof to a surface of said 
piezoelectric ceramics, wherein said support 
member has a width that varies with respect to 
a longitudinal distance from an end of a free 
portion of the actuator such that vibration 30 
modes at undesirable resonance frequencies 
are suppressed. 

6. An optical disk device as claimed In claim 5, 
wherein the width of said plate-shaped support 
member varies with respect to the longitudinal 35 
distance from an end of the free portion of the 
actuator in an inversely proportional relation to 

a norma! function of a first mode of free natural 
vibration of the actuator, so that vibration 
modes at higher resonance frequencies other 40 
than the first vibration mode are suppressed. 

7. An optical disk device as claimed In claim 5, 
wherein the width of said plate-shaped support 
member varies with respect to the longitudinal 
distance from an end of the free potion of the 45 
actuator in a Inversely proportional relation to a 
normal function of a second mode of free 
natural vibration of the actuator, so that vibra- 
tion modes other than the second vibration 
mode are suppressed. 50 

8. An optical disk device as claimed in claim 1 , 
wherein said actuator comprises a plate- 
shaped piezoelectric bimorph element on a 
surace of which a recess is formed to expose a 
piezoelectric ceramics at a bottom thereof, and 55 
said actuator driver means is electrically 
coupled to said bottom of the recess on said 
piezoelectric bimorph element to receive a 
voltage corresponding to an acceleration of a 
vibrating end of said actuator, said actuator €0 
driver means reducing a driving voltage of said 
actuator on the basis of a level of said voltage 
corresponding to the acceleration of the vibrat- 
ing end of the actuator. 

9. A bimorph type actuator for driving a 65 



recording and reproducing head of an optical 
disk device, comprising: 
a plate-shaped piezoelectric ceramics; and 
a plate-shaped support member of an electri- 
cally conductive metallic material fixedly 
coupled at a surface thereof to a surface of sId 
piezoelectric ceramics, wherein said support 
member has a width that varies with respect to 
a longitudinal distance from an end of a free 
portion of the actuator In such a way that 
vibration modes at undesirable resonance fre- 
quencies are suppressed. 

10. A bimorph type actuator as claimed in 
claim 9. wherein the width of said plate-shaped 
support member varies with respect to the 
longitudinal distance from an end of the free 
portion of the actuator in an Inversely propor- 
tional relation to a normal function of a first 
mode of free natural vibration of the actuator, 
so that vibration modes at higher resonance 
frequencies other than the first vibration mode 
are suppressed. 

11. A bimorph type actuator as claimed in 
claim 9, wherein the width of said plate-shaped 
support member varies with respect to the 
longitudinal distance from an end of the free 
portion of the actuator in a inversely propor- 
tional relation to a normal function of a second 
mode of free natural vibration of the actuator, 
so that vibration modes other than the second 
vibration mode are suppressed. 

12. A bimorph type actuator for driving a 
recording and reproducing head of an optical 
disk device for recording and reproducing 
Infomiatlon on and from a magneto-optical disk, 
comprising: 

a plate-shaped piezoelectric bimorph element 
having a recess formed on a surface thereof to 
expose a piezoeectric ceramics of said bimorph 
element; 

frequency detector means, electrically coupled 
to said recess of the bimorph element, for 
detecting a frequency of a voltage generated at 
the exposed piezoelectric ceramics of the 
bimorph element; 

distance detector means for detecting a dis- 
tance between said head of the optical disk 
device and the magneto-optical disk; 
actuator driver means, coupled to said distance 
detector means and said frequency detector 
means, for outputting to said piezoelectric 
bimorph element an actuator driving voltage 
which corresponds to a distance detected by 
said distance detector means, wherein said 
actuator driver means reduces a level of said 
actuator driving voltage when said frequency of 
the voltage generated at the exposed pie- 
zoelectric ceramics of the bimorph element falls 
Into a neighborhood of one of higher resonance 
frequencies of the actuator other than the first 
resonance frequency, thereby leveling a gain of 
the actuator at such higher resonance frequen- 
cies. 

13. A bimorph type actuator as claimed In 
claim 12, further comprising a second plate- 
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shaped piezoelectric bimorpli element extend- 
ing parallel to said plate-shaped piezoelectric 
bimorph element having a recess formed on a 
surface thereof. 

1 4. An optical disk device capable of recording 5 
and reproducing Information on and from an 
magneto-optical disk including a layer of mag- 
netic material, comprising 

optical head means for radiating a light beam on 

a recording surface of said magneto-optical 10 

disk; 

magneto head means for generating, in a 
recording process, a biasing magnetic field at a 
recording spot on the recording surface of the 
magneto-optical disk, which spot is being 15 
heated by a light beam radiated from said 
optical head means, to effect a recording of 
information by reversing a direction of magneti- 
zation of said magnetic material heated by said 
tight beam, wherein reproduction of information 20 
is effected by radiating a light beam from said 
optical head means on the magneto-optical disk 
and receiving a light reflected by the recording 
surface of the magneto-optical disk to read 
recorded information out from the reflected 25 
light; 

distance detector means for detecting the 
distance between the magnetic head and the 
recording surface of the magneto-optical disk; 
an electromagnetic actuator including an elec- 30 
tromagnetically driven movable member on 
which said magnetic head means is mounted to 
oppose the recording surface of the magneto- 
optical disk; and 

actuator driver means for driving said electro- 35 
magnetic actuator in response to the distance 
detected by said distance detector means so 
that an error of said distance with respect to a 
target distance thereof is reduced. 

15. An optical disk device as claimed in claim 40 
14. wherein said electromagnetic actuator com- 
prises: 

a cylindrical yoke coupled to a supporting base 
of the optical disk device, said yoke having an 
annular recess extending in an axial direction 45 
from an end surface thereof opposing a 
recording surface of the magneto-optical disk; 
an annular permanent magnet mounted to a 
radially inwards facing side surface of sid 
recess of the yoke to oppose a radially 50 
ouhwards facing side surface of said recess 
across a predetermined annular gap: 
a hollow cylindrical bobbin disposed in said 
annular gap between said permanent magnet 
and the radially outwards facing side surface of 55 
the recess of the yoke; 

a colt carried on a outer side surface of said 

bobbin; 

a flat annular magnetic shield member substan- 

tally dosing an annular opening of said recess 6(7 

of the yoke; and 

a substrate board member secured to said 
bobbin at an end thereof opposing a recording 
surface of the magneto-optical disk, the mag- 
netic head of the optical disk device being 65 



mounted to said substarate board member to 
oppose the recording surface of the magneto- 
optical disk. 

16. An optical disk device as claimed in claim 

15, wherein said bobbin is elasticaliy coupled to 
the radially inwards facing side surface of the 
recess of the yoke by means of an annular 
elastic member. 

17. An optical disk device as claimed in claim 

16. wherein said substrate board member is 
secured to said end of the bobbin opposing the 
recording surface of the magneto-optical disk, 
through an Intermediary of a plate-shaped 
support member at one end of which the 
substrate board member is mounted. 

18. An optical disk device as claimed in claim 
15. wherein said substrate board member is 
coupled to an end of an elastic support member 
which In Its turn Is supported by a supporting 
base of the optical disk device. 

19. An optical distance detector for detecting a 
distance between the optical distance detector 
and a reflective surface of an object, compris- 
ing: 

light source means for radiating light toward 
said reflective surface of the object; 
first optical detector means for detecting an 
amount of light which is Incident on a light-re- 
ceiving surface thereof after being reflected by 
said reflective surface of the object, said 
light-receiving surface being substantially per- 
pendicular to an opttoal axis of said light source 
means; 

second optical detector means for detecting an 
amount of light which is incident on a light-re- 
ceiving surface thereof after being reflected by 
said reflective surface of the object, the 
ilght-receMng surface of the second optical 
detector means being situated on a plane on 
which said light-receiving surface of the first 
optical detector means lies, at a position farther 
away from said optical axis of the light source 
means than the light-receiving surface of the 
first optical detector means; 
subtracter means, coupled to outputs of said 
first and second optical detector means, for 
computing a difference between outputs of said 
first and second optical detector means; 
adder means, coupled to outputs of said first 
and second optical detector means, for com- 
puting a sum of outputs of said first and second 
optical detector means; 

normalizer means, coupled to said subtracter 
means and said adder means, for computing a 
ratio of said difference between the outputs of 
the first and second optical detector means to 
said sum of the outputs of the first and second 
optical detector means; 

wherein separations, in a radial direction per- 
pendicular to the optical axis of the light source, 
between the light source means and the first 
optical detector means and between the first 
and second optical detectors means, and areas 
of the first and second optical detectors are 
selected In such a manner that, in a measure- 
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ment range of the measured distance between 
the object and the optical distance detector, the 
amount of light incident on the light-receiving 
surface of the first optical detector means 
decreases as the measured distance Increases 
while the amount of light Incident on the 
light-receiving surface of the second optical 
detector means increases as the measured 
distance Increases, so that said ratio, computed 
by said normailzer means, of the difference 
between the outputs of the first and second 
optical detector means to said sum of the 
outputs of the first and second optical detector 
means, varies substantially linearly with respect 
to the measured distance. 

20. An optical distance detector as claimed in 
claim 19, wherein the outputs of said first and 
second optical detector means becomes equal 
to each other at a target value of said measured 
distance, so that said ratio, computed by said 
normalizer means, of the difference between 
the outputs of the first and second optical 
detector means to said sum of the outputs of 
the first and second optical detector means, 
corresponds to a deviation of said measured 
distance from its target value. 

21. An optical distance detector as claimed In 
claim 19, wherein the light-receiving surfaces of 
said first and second optical detector means 
comprises surfaces disposed concentrically 



around the optical axis of the light source 
means. 

22. An optical distance detector as claimed In 
any one of the claims 1 9 through 21 . wherein the 

5 light-receiving surfaces of said first and second 

optical detector means are stepped fonvards 
with respect to a light-emitting surface of the 
light source means, in the direction of the 
optical axis of the light source means toward 

10 the reflective surface of the object. 

23. An optical distance detector as claimed in 
claim 22. wherein a height of the step between 
the light-receiving surfaces of the optical detec- 
tor means and the light-emitting surface of the 

IS light source means in the direction of the optical 

axis of the light source means Is greater than a 
thickness of fhe first and second optical 
detector means in the direction of the optical 
axis of the light source means. 

20 24. An optical disl< device, substantially as 

herein described with reference to any of 
Figures 4 to 61 of the accompanying drawings. 

25. A bimorph actuator substantially as herein 
described with reference to any of Rgures 4 to 

25 61 of the drawings. 

26. An optical distance detector substantially 
as herein described with reference to any of 
Figures 4 to 61 of the drawings. 
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